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[57] ABSTRACT 
A heat exchanger, reactor or like apparatus capable of 
carrying out heat exchange, material exchange or com- 
binations thereof, comprises a cylindrical housing 
formed at one end with a cover and provided internally 
with a cylindrical partition carried by the cover and 
reaching toward but terminating short of the opposite 
end of the housing to subdivide the interior into an inner 
chamber or space and an outer annular chamber or 
space. A first fluid is fed to a helical-coil tube bundle in 
the outer space and then passes into a helical-coil tube 
bundle in the inner space before being discharged 
through a manifold and pipe in the cover disposed cen- 
trally. The inlet pipe or pipes are also carried by the 
cover outwardly of the central pipe. The conduits for 
the second fluid which open into the spaces and which 
pass around the heat exchanger pipes in these spaces are 
also carried by the cover and may extend coaxially with 
the first fluid conduits. 

28 Claims, 11 Drawing Figures 
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suresand high temperatures, which can be fabricated at 
low cost and which, in general, overcomes the disad- 
vantages of the earlier systems mentioned above. 
■'■ '■ Another object of this invention" is to provide an 

FIELD OF THE INVENTION 5 improved method of making a heat exchanger or reac- 

The present invention relates to a vessel adapted to be tor which will allow the product to be larger in size 
used as a heat exchanger and/or reactor and, more than has hitherto been practical, consistent with the 
particularly, to a high-temperature and high-pressure transport and other limits mentioned above, 
heat exchanger, especially adapted to be used in the ~ TTVf w ABV nP THP INVRWTTnN 

synthesis of methane. The invention also relates to a 10 SUMMARY OF THE INVENTION 

method of making such a heat exchanger or reactor. These objects and others which will become apparent 

BACKGROUND OF THE INVENTION hereinafter are attained m accordance with the present 

invention, by providing the heat exchanger as a prefera- 
While there are a large number of heat exchangers or bly upright structure with a cylindrical housing formed 
chemical reactors capable of effecting indirect heat 15 at its upper end with a cover and its lower end with a 
exchange between two fluids, e.g. in the simple heating c i osec j bottom. 

and cooling of a first fluid by a second fluid or in the According to the invention, a cylindrical partition or 
thermal induction of a reaction in a first fluid by heat s i eeve extends axia ii y within t hi s vessel from the cover 
supplied by k second fluid or for the abstraction of {Q a ]ocation dose tQ but d from {he bottom tQ 
reaction heat of the first fluid by a second fluid prob- 20 subdivide the interjor mt0 an annular outef and an 
lems continue to be encountered especially when the mnef a , ^ axis q{ ^ vesse] 
reactor must be operated at high temperatures and with According t0 the inventioilj respective tube bundles> 
elevated pressures. .„,„*„., nrnU ^ preferably of helically coiled heat exchanger tubes (al- 

In such cases significant technol^^^^ though straight tubes can be used alone or interspersed 

arise, for example, when the operating temperature 6 ; = . r 

must be 900- to 1300' K., or in a similar range, the « comblned with helical tubes) are provided in each of 
components of the heat exchanger must be composed, * he s P ac f • , e - between *e Partition and the shell of the 
at least at the so-called hot end, of special alloys which heat exchanger on the one hand and within the partition 
are expensive and frequently have limited strength. on the other ^nd. 

When in addition, the fluids are under pressure, the 30 According to the invention, the means forming the 
problem is accentuated since the wall thickness of any tube bundles include tubes for a first fluid which runs 
stressed parts must be increased, thereby raising the cost from the cover proximal to the casing or outer wall of 
of the unit. the vessel toward the bottom thereof, then inwardly 

The heat exchanger must have large dimensions to be toward the vessel axis and then within the inner space 
practical for a particular chemical or other process, the 35 through the second tube bundle back to the cover with 
reactor or heat exchanger cannot be designed from the two ends of each tube forming part of the tube 
standard tables because of the higher wall thickness, bundles or at least the ends of the tube bundles proximal 
special materials, etc. In fact, some of the refractory to the cover communicating with manifold pipes which 
alloys which may be required are not conveniently are led outwardly from the vessel through the cover, 
available in large quantities. The weight of the reactor 40 The outer and inner sections of the heat exchanger 
can become prohibitive in that the unit can no longer be tubes, connected together below the partition but sepa- 
readily transported by standard commercial means. rated from one another in the respective tube bundles, 

This applies to heat exchangers having a cylindrical thus Me in distinct zones of the heat exchanger, one 
housing and a tube bundle therein to which one of the ra dially outwardly from the other, and separated from 
fluids is admitted at one end and removed at the other, 45 one another by the cylindrical partition, 
to heat exchangers in which a fluid is admitted to the The latter opens int0 the interior or ^ vessel at its 
housing around a tube bundle at one end and systems in ]()wer end whik .„ upper end passes coaxially through 
which access to the space within the housing is effected and b tQ a conduit for supp i ying a fluid 

through the cylindrical wall of the casing or shell. {h fa ^ cover int0 the interior of the vessel t0 pass 

In a coiled-tube exchanger, moreover, while it is 50 around the heat exchanger tube forming the tube bun- 
common practice to wind the coils of he tube bundle d , es other wofds Qne of ^ manifo]d ; fof the 
on a core tube or pipe by rotating the later between end bundles . & ^ to ^ condujt wMch {niQ 

supports, the s«e of the heat exchanger which can be communicates with the interior there- 

fabricated is limited by the weight of the tubes which ,• i * . a. c _ 

can be supported by the tubular* core. In practice, the 55 with while bemg seahngly mounted upon the aforemen- 
coil continues to a point just before buckling of the core tIoned c ° ver - V ' a ">* conduit, the part.t on is sea hngly 
tube and this buckling point limits the size of the heat connected annularly to the cover. The last mentioned 
exchanger bundle which can be formed on the tube. P'Pe and the conduit are coaxial so that an annular pas- 

Naturally, it is possible to increase the mass of pipe «ge is formed between the conduit and the pipe. _ . 
which can be carried by using a core tube of larger 60 Outwardly of ^central pipe and conduit assembly, 
diameter, but this requires a trade-off since it increases there may be provided additiona manifold pipes com- 
the useless volume, i.e. the space occupied by the core municating with the tube bundles, e.g. in angularly 
tube equispaced relationship, while one or more of these 

latter pipes may be sealed to and coaxial with further 
OBJECTS OF THE INVENTION 65 conduits sealed to the cover and conducting the second 

It is the principal object of the present invention to fluid into or out of the heat exchanger in the direction 
provide an improved heat exchanger for the purposes opposite the direction in which this fluid passes through 
described which is capable of operating at high pres- the central conduit. 
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In accordance with the principles of the present in- Since there is practically no fluid flow in the space 

vention, therefore, the interior of the vessel is subdi- between this conduit and the duct lying coaxially in- 

vided internally by the cylindrical partition into a circu- wardly thereof, a certain amount of heat is transferred 

lar cross-section, axiallj Extending inner space and into from this duct to the conduit. The cooling coil sur- 

a circular-cross section annular outer space extending 5 rounding the latter dissipates the heat on the one hand 

axially between the partition and the housing wall. by thermal conduction and on the other hand by radia- 

The two spaces are in communication with one an- tion and convection, 
other only in the region of the bottom of the vessel. In According to another feature of the invention, a stiff- 
the region of the cover the partition indirectly or di- ening plate is provided to reinforce the cover, the stiff- 
rectly is sealed to the cover and extends into a conduit 10 ening plate being spaced therefrom but rigidly con- 
above the cover, preferably running coaxially with the nected thereto. The stiffening plate can be located 
cover and the vessel, forming a passage for the second within the vessel or externally thereof and can be planar 
fluid. or can be curved, e.g. to conform to the curvature of the 

Within the spaces mentioned previously, stretches of cover. Similarly, the cover of the heat exchanger can be 

heat exchanger tubes are provided for the first fluid. 15 planar or curved, e.g. outwardly domed. 

The tube stretches which terminate in the inner space, The connection between the cover and the stiffening 

open into a manifold pipe sealed to the cylindrical con- plate can be effected by the ducts or conduit previously 

duit, this pipe communicating with a plurality of such mentioned to which the stiffening plate can be welded, 

tube stretches, e.g. to collect fluid from these stretches. and/or by an upward tension of the side wall or shell of 

At least one but preferably a plurality of manifold 20 the vessel, and/or by a portion of the side wall of the 

pipes communicate with groups of stretches of the heat vessel itself, and/or by tension members connected to 

exchanger of the outer tube bundle, the manifold pipes the cover and the stiffening plate and spanning the gap 

serving for the supply and withdrawal of the first fluid between them. The stiffening plate takes up a portion of 

while the conduits pass the second fluid in heat ex- the pressure forces which may apply to the cover, 

change relationship with the tubes. Each of the conduits 25 Because of the presence of the stiffening plate, the 

thus surrounds with clearance a length of a manifold wall thickness of the cover can be reduced for a given 

pipe so that a passage extends along this length for nominal pressure of the vessel, thereby reducing costs 

traversal by the second fluid. of components which may have to be made from scarce 

The fluids are fed to and led from the heat exchanger or special materials, 

preferably so that the so-called "hot-end" of the heat 30 According to yet another feature of the invention, the 

exchanger lies in the region of the axis thereof while the inner tube bundle is provided with an outer sealing 

"cold end" lies externally of the axis. Consequently, the sleeve or layer which can be connected with the cylin- 

outer portion of the cover, all or part of the bottom, the drical partition or shell to prevent a bypass flow of fluid 

outer conduits and the outer manifold pipes lie at the between the shell or partition and the outer layer of 

cold side. 35 helically coiled tubes of the inner tube bundle. The 

The elements which are subject to high temperature bypass flow of fluid would, of course, limit the heat 

are only the central manifold tube, the conduit for the exchange. Furthermore, between the partition and the 

second fluid and any further tubes which are close to sealing layer, a thermally insulating layer can be pro- 

fhis conduit. The lower ends of the latter tubes can be vided. 

connected with the cold side of the cover and only 40 Similarly, the outer tube bundle may be closely sur- 

reach critical temperature at the extreme upper side of rounded and hugged by a sealing layer which is conn- 

the temperature range. nected with the interior of the vessel wall. Again a 

All of the hot and therefore critical elements have bypass flow of fluid is precluded. The layer may be 

relatively small diameters in the system of the present separated from the inner surface of the outer vessel wall 

invention. 45 by a layer of thermal insulation. 

It has been found to be advantageous, with the system It has been found to be advantageous, according to 

of the present invention, that only a small portion of the another feature of the invention, to fill the vessel at least 

heat exchanger is subjected to the maximum tempera- partially with a loosely piled packing or filling of a 

ture and that these portions have a relatively simple catalytically active material, a filtering material and/or 

geometry so that the length of the heat exchanger can 50 a material which promotes heat exchange by storing 

be as small as possible. The heat exchanger of the inven- heat. When the material is a catalyst, it can be selected 

tion can be subjected to high temperatures and pres- to promote a given catalyst reaction in one of the fluids, 

sures and can be produced with large dimensions. The According to yet another feature of the invention, the 

damage which can occur at critical regions is minimized duct through which the manifold pipe extends cen- 

and the stress characteristics can be calculated by stan- 55 trally, has a removable cover, cap or top and a diameter 

dard techniques. dimensioned to allow withdrawal of the central mani- 

According to a feature of the invention, the second fold pipe together with the inner tube bundle. This 

pipe or duct, which coaxially surrounds the central permits inspection as required. The inner diameter of 

manifold pipe, is in turn surrounded by a further pipe or the duct thus can be at least equal to the outer diameter 

duct, hereinafter referred as a conduit, which can be 60 of the inner tube bundle and can be formed with a fitting 

affixed to the cover of the heat exchanger. for the second fluid. The duct thus forms a cylinder 

This conduit is provided with a cooling coil. The extending the partition upwardly and can be the support 

conduit can form the hottest point of the hot end of the for the outer tube bundle while providing the passage 

heat exchanger, being substantially at its upper end at whereby pipes or tubes extend through the cover. The 

the temperature of the hotter of the two fluids. The 65 cylinder can also be formed by the conduit mentioned 

lower end of this conduit is thus fixed to the cover of previously, i.e. the further duct, in which case the duct 

the heat exchanger and is, substantially, at the tempera- coaxially centrally traversing the conduit can extend 

ture of the colder fluid. through the cylinder. 
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Where the conduit has the same diameter as the parti- core tube was rotatably mounted and rotated as the 

tion, the entire inner coil of the heat exchanger can be coils were wound thereon. When the heat exchanger 

removed from the partition without damaging or affect- reached the maximum permissible weight, in the above- 

ing the cover of the heat exchanger. By removal of this stated range, the coiling was terminated iust prior to 

inner coil, inspection of or addition to the packing is 5 buckling of the core tube. 

possible. Naturally, the resistance to buckling could be in- 

It has also been found to be advantageous to provide cre ased by increasing the diameter of the core tube but 

a closable opening in the bottom of the upright heat resulls in an increase in the useless volume. According 

exchanger to allow the discharge of the contammants t0 the t invention> the problems are avoided by 
which can collect therein and/or to permit the flow of !0 simu]taneous , y coi i in g the i„„ e r tube bundle on its core 

fluid to or from one of the heat exchanger coils when f m 

theheat exchanger is to be used under less than full ^ twQ tufee bundJes sepafately tQ ^ erectio ' n J 

°The additional fitting in the bottom of the vessel does ^en hiding the outer tube^bundle over the inner tube 

not involve the use of any critical materials or struc- , 5 bu " dle mto * e outer tube h ™ dl * * as * embIe the hea 

tures, since the hot end is always at the upper side. exchanger. Thus even if each tube bundle has a weight 

As indicated earlier, the opening valve plays a two- of less than_ 150 tons, the practical maximum for conve- 

fold role. On the one side, it allows impurities to be ment shl PPing, the total ma f ° f th e heat exchanger can 

drained from the fluid which is cooled in the heat ex- far exceed 150 tons when the tw0 heat exchangers are 

changer so that these fluids can be discharged. In addi- 20 assembled and are interconnected below the partition, 

tion, a cold fluid can be introduced into the heat ex- BRIEF DESCRIPTION OF THE DRAWING 
changer through this opening or the latter can be used 

to supply the cold fluid or to draw off a cooled fluid. The above and other objects, features and advantages 

Valves communicating with the various lines in the of the present invention will become more readily ap- 

head or at the cover of the heat exchanger can control ,* parent from the following description and specific Ex- 

the direction of flow. amples, reference being made to the accompanying 

It has been found to be advantageous also to provide drawing in which: 
between the vessel wall and the outer tube bundle a FIG. 1 is a vertical cross-sectional view through a 
cooling coil which lies parallel to the outer layer of heat exchanger according to the invention in diagram- 
coils. In this case, the manifold pipe or the outer tube JQ matic form; 

bundle can be provided with a shunt line containing at FIGS. 1A and IB are detail views illustrating features 

least a valve and communicating via one of the valves of the invention, the views being in cross section; 

with the feed conduit to this additional cooling coil. In FIGS. 2A through 2E are vertical cross-sectional 

general valves are provided, therefore, to allow the views through embodiments of the invention showing 

cooling coil to be fed in either direction independently 3J only the upper end of the heat exchanger and the ar- 

of the direction of feed for the heat exchanger tubes of rangements of the conduits and ducts at the upper end; 

the outer space. FIG. 3 is a vertical cross-sectional view, also in dia- 

To facilitate anchoring the various parts to the inner grammatic form, illustrating a further modification in 

wall of the vessel a plate provided with gas-traversing accordance with the present invention; 

openings is provided across the bottom to further sup- FIG. 4 is a view similar to FIG. 3 illustrating another 

port the assembly formed by the coils. The feed line for embodiment of the invention; and 

the cooling coil can also be extended out of the vessel FIG. 5 is a vertical diagrammatic section through yet 

through the cylinder. another embodiment of the invention but showing the 

At the inlet and outlet passages the reacting fluid can entire heat exchanger, 
be provided with filters to prevent contaminants from 

entering the system without material detriment to the 45 SPECIFIC DESCRIPTION AND EXAMPLES 

operating efficiency. When it is desired to preclude xhe nt inve „tion is described below in terms of 

deposits on the outer coil layer, it is advantageous to neat exchangers for various purposes and a best mode 

provide the partition shell as a basket which, upon with- s$ whjch can bf} carried QUt wjth the high .te mp er- 

drawal from the heat exchanger scrapes away any de- a high-pressure heat exchangers of the invention, 

posxts tiirough the basket openings. The basket shell coa l gasification with a preslurized-water reactor 

may, of course by surrounded by a sealing sleeve with or 6 methal f e synthesis , 

a similar effect to the sealing action already described , , . J . , „„„.„„. „ ft u„ ' 1 

when the basket is in place. The heat exchanger of the such a heat exchanger the heat content of the coal 

present invention has been found to be especially effec- Ration reactl ° n <f n ^ transferred to steam 

tive when used as a methane synthesis reactor for the 55 generated in a nuclear reactor and the operating pres- 

production of methane from synthesis gas by the sure at both sides can be about 60 bar. The temperature 

strongly exothermic reaction *J he f. , e » d „ ° f the ?> eat e * chan 8 er ^ betwe f en 
900 and 1250 K. and the efficiency of the apparatus 

CO+3H2— ►CH4+H2O+49.3 kcai/Mol CO increases with increasing temperature and increasing 
60 pressure of the reactor steam sides. The reactor steam 

In this case a nickel-containing catalyst may form the can be at a temperature of 500° to 600° K. 

packing. The heat exchanger illustrated in FIG. 1 comprises a 

Another aspect of the invention resides in the method cylindrical vessel or shell 1, with a vertical principal 

by which the heat exchanger is formed. The common axis, which is closed at its bottom la. 

practice heretofore was to provide coil-tube heat ex- 65 At its upper end, the casing or shell 1 is closed by a 

changer in a single operation for forming all of the coils cover 2 which has been represented only diagrammati- 

around a core tube. The limit in the size in the heat cally. In practice, the cover 2, which can be flat or 

exchanger made in this manner was 70 to 120 tons. The upwardly convex (domed) will be provided with a pe- 
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ripheral flange which embodies the cover to be remov- 
able bolted to the outwardly extending peripheral 
flange on the housing. Such flanged attachments of the 
cover to the casing are, of course, well-known in the 
art. A weld closure can also be used. 5 

Within the interior of the vessel formed by the cover 
2 and the casing 1, there is provided a cylindrical shell 
or partition 3 which is fixed to the cover and extends 
downwardly therefrom to terminate at a location close 
to but spaced from the bottom la of the vessel 1. 10 

The cylindrical partition 3 thus subdivides the inte- 
rior of the vessel into a circular-section inner space 4 
and a circular section annular outer space 5. The two 
spaces 4 and 5 are interconnected below the lower end 
of the partition 3. 15 

The spaces 4 and 5 into which the interior of the 
vessel is subdivided receive heat exchanger tubes 6a and 
6b respectively which depend from and are attached to 
the cover 2, the heat exchanger tubes 6a and 6b being in 
communication below the lower end of the partition as 20 
will be developed in greater detail below. 

The heat exchanger tubes 6a and 6b may each form 
part of a tube bundle which can be of the helical-coil 
close-packed type, can be spirally-coiled heat ex- 
changer tubes or can be axially extending rectilinear 25 
heat exchanger tubes or any combination thereof. Ref- 
erence may be had to the U.S. Pat. No. 4,084,546 which 
also shows a configuration of both rectilinear or coiled- 
tube bundles which may be applied for the present pur- 
poses. • 3Q 

In general a single flow path through these tubes 
proceeds from the cover 2 generally along or parallel to 
the outer wall of the vessel in the direction of the bot- 
tom, then inwardly toward the vessel's axis and within 
the partition 3 upwardly to the cover 2. 35 

As has been stated, the heat exchanger tubes are as- 
sembled into tube bundles which can be coiled around 
the partition 3 in the outer space 5 and coiled around a 
core tube 21 within the inner space 4. Coiling arrange- 
ments of this type have been illustrated in U.S. Pat. No. 40 
4,084,546 and need not be described in greater detail. A 
coiled-tube heat exchanger of this type provides excel- 
lent heat transfer and a highly specific surface (heat 
transfer surface per unit volume) so that the heat trans- 
fer is optimized for a given volume and weight of the 45 
heat exchangers. 

While the type of winding will depend upon the re- 
quirements for a particular heat exchanger, e.g. as to 
pitch, coiled-tube diameter, density of coiling, etc., in 
general a plurality of tubes should lie in each helical 50 
layer and a plurality of helical layers should be pro- 
vided as illustrated in the last-mentioned patent. Natu- 
rally, some of the tubes may run rectilinearly through 
one or both of the spaces 4, 5 preferably in combination 
with coil tubes, e.g. between layers thereof, or rectilin- 55 
ear tubes can be used to the exclusion of coiled tubes. 
The desired fluid path length for the requisite heat 
transfer will, of course, determining the configuration 
of the tube bundles or each tube bundle. The preferred 
and best mode, of course, is the helical-coil configura- 60 
tion which has been represented only diagrammatically 
in the drawings since individual delineation of each of 
the many tubes and many tube turns involved in such a 
helical-coil tube bundle would obscure other aspects of 
the invention. 65 

The tubes can run continuously through the two 
spaces, i.e. can be formed in one piece and can be bent 
below the partition from the descending stretch in space 



S to the ascending stretch in space 4 as has been dia- 
grammatically shown by the bend 7 in FIG. 1. 

However, it is preferred to provide the tubes 6a and 
6b separately from one another and to collect a number 
of tubes 6a in the space 5 into groups with each group 
communicating with a manifold 8a connected via a duct 
8 with another manifold Sb communicating with a cor- 
responding group of tubes extending through space 4. 
This has also been illustrated in FIG. 1. 

In either case, the communication between the tube 
stretches 6a and 6b permits compensation for stresses 
resulting from the temperature differences in the tube 
sections 6a and 6b, i.e. expansion of the respective tube 
bundles or relative movement thereof. At their upper 
ends, the tubes 6a communicate with manifold pipes 9, 
9' which can be angularly equispaced about the axis of 
the vessel and run through the cover tube from their 
respective manifolds 9a and 9a'. The number of mani- 
fold pipes 9, 9' will, of course, depend upon the operat- 
ing requirements, especially the flow volume to traverse 
the heat exchange tubes. 

The inner tubes 6b open into a centrally disposed 
manifold pipe 10 at its manifold 10a. The central mani- 
fold pipe 10 also extends through the cover 2. The cen- 
tral manifold pipe 10 defines an annular passage with a 
coaxial second tube or duct 11 provided with a fitting 
11a which can be flanged to a source of the hot reaction 
gas. The duct 11 is sealed at its lower end 116 to the 
cylindrical partition 3 and can form a unit therewith 
whereby the hot reaction gas is fed through the annular 
space 11a downwardly and then through the inner 
space 4 to pass below the bottom of the partition 3 and 
thence upwardly through the outer space 5. 

Coaxial with the manifold tubes 9 and 9' are further 
ducts 12 and 12', respectively, which are sealed at the 
lower ends 12a to the cover 2 and are formed at their 
upper ends with fittings 12b enabling them to be con- 
nected to a pipe system for discharging the cold reac- 
tion gas in the direction of arrow 17. Arrow 16 repre- 
sents the direction of feed of the hot reaction gas. 

The duct 11 coaxially surrounding the central mani- 
fold pipe 10 is, in turn, coaxially surrounded by a further 
conduit 13 which defines an annular space 13a there- 
with communicating with the outer space 5 of the ves- 
sel. 

In the present specific example, reactor steam at a 
temperature 500° K. to 600° K. is introduced as repre- 
sented by the arrows 14 and 14' through the manifold 
pipes 9 and 9' to the heat exchanger tubes 6a and 6b and 
the superheated steam recovered at 15 has a tempera- 
ture at 850° K. to 1200° K. at the central manifold pipe 
10. 

The hot reaction gas is introduced at 16 at a tempera- 
ture of 900° K. to 1250° K. through the central second 
pipe or duct 11 and is cooled by heat exchange with the 
reactor steam leaving the heat exchanger in the direc- 
tion of arrow 17, 17' at a temperature of 550° K. to 700° 
K. 

Naturally it is also possible to alter the direction in 
which the fluids are fed through the system. For exam- 
ple, the hotter fluid can be supplied through the central 
manifold pipe 10 while the colder fluid is fed through 
the ducts 12 and 12' whereby the hot end of the heat 
exchanger in the region of the axis of the vessel 
whereas, in the arrangement described earlier, the "hot 
end" lies outwardly of the axis. 

It has been found to be advantageous, in either case, 
to pass the reaction gas through the spaces 4 and 5 
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direction, i.e. to avoid passing the reaction gas through In addition, to improve the thermal insulation, an 

the heat exchanger tubes 6a and 6b because the reaction insulating material can be introduced into the annular 

gas, in the present specific example, generally contains space. 

soos and dust particles which then deposit upon the At the locations % b, c, d and e annular reinforcement 

inner walls of the heat exchanger tubes and cause corro- 5 is provided as represented at 13' FIG. IB to stiffen these 

sion or encrustation which; may even block the flow high-stress areas. 

cross section. The portions of the unit especially susceptible to the 
A cooling coil 18 is provided around the further pipe corrosion within the partition 3 are easily accessible, 
(conduit) 13 and can be fed.either with a third fluid as Since the same pressure applies on both sides of the 
represented by the arrow 19 or by the colder of the two «> partition and the net pressure on this partition is mini- 
fluids which as passed in heat exchanging relation as mized by the fact that it does not constitute an enclosure 
represented by the arrow 20. This cooling coil has also «° which a P reSsure g radient is a PP u f d ' the P arti t ion can 
been represented in highly diagrammatic form so as not easny be cut away and welded back again in place for 
to obscure other elements of the structure. the access mentioned. 

The inner and outer sections 6a and 6b of the heat 15 In the . embodiment of FIG. 2 A, the stress^upon the 

exchanger pipes in contact with sealing layers 22a and c ° v <* \ « relieved in partby the proyis^of a st.ffen- 

22b (see FIG. 1A) to prevent passages from being mg plate 23a whtch may be welded at 23a' to the outer 

the vessel 1 or the partition 3 through which the gases - S ctetoXg^t the em! 

traversmg the spaces 4 and 5 can flow without proper oTfS. 1, 1A and'lB. 8 P 

neat excnange. ^ . In all of FIGS. 2A through 2E, the stiffening plate 

InFIG. 1A, theouterlayerof heat exchanger tubes is has imatel the ^ temperature as the fluid at 

represented at 6a and is shown to be in engagement 2J ^ J% side of ^ heat exchan £ r . 

with the sealing lining 226. Thus any flow of gas be- Fof , m b achieved by welding the plate 

tween the layer 6a' and the wall 1 is precluded. The ^ {0 ^ ^ u and ^ whi , e providing a clearance 

lining 22a operates similarly • 23a" through which the manifold pipe 10 passes. 

Between the outer lining 226 and the vessel wall there Jn the embodiment of FIG . 2B , the stiffening plate 

may be provided a layer of thermal insulation as has 3Q m is disposed closer to the cover 2 and is welded at 

been illustrated at lb in FIG. 1A. The insulation can, m , nQt only to the QUter ducts n and n> but ako t0 the 

however, extend over the entire wall of the vessel 1. further duct or ipe 13 which; however> is coo i ed by 

Similarly, between the partition 3 and the sealing layer the coil 18 xhe stiffening plate 236 is here located 

22a a layer of thermal insulation can be provided if t^ow the cooling coil although it may also be provided 

desired or required. 35 directly thereabove and can be similarly connected to 

To facilitate an understanding of the operation of the the ducts 12( \x and 13. The additional connection of 

heat exchanger, particularly as to which of its structural the stiffening plate 23* to the further duct 13 has the 

elements may be the critical temperatures and pressures, advantage that the bending stress upon the cover 2 is 

it is pointed out that within the vessel 1, for which the reduced. 

cover 2 provides the sole access and egress for fluids, 40 FI gs. 2C and 2D show embodiments in which a 

the pressure is about 60 bar and is practically equal both domed cover 2 ' is combined with, a planar stiffening 

within the spaces 4 and 5 and within the tubes and ducts. p i ate 23c D r 23d. 

The pipes 9,9' and duct 11 which feed fluids to the j n piG. 2C, therefore, the outwardly and upwardly 
heat exchanger, the pipe 10 and the ducts 12, 12' which CO nvex domed cover 2' is affixed to the ducts 112 and 
conduit fluid from the heat exchanger, the vessel 1. the 45 112' in the manner previously described and to the fur- 
cover 2 and the further duct or conduit 13 must all be ther duct 113. 

capable of withstanding this pressure. Similarly the heat i n this case, the planar stiffening plate 23c is formed 

exchanger tubes 6a, 6b traversed by the steam from the with openings 23c' which are traversed by the manifold 

nuclear reactor, must be capable of withstanding this pj pe s 9 and 9' and a central opening 23c" clearing the 

pressure. Since the same pressure is applied on both 50 duct 11. The plate 23c is connected to the vessel wall 1 

sides of the partition 3, this partition need not be con- and, via tension rods 24, with the cover 2'. The open- 

structed so as to be capable of withstanding such high j n g S 2 3c' and 23c" can permit the reaction gas to pass 

pressures. into the space between the cover 2' and the plate 23c, 

The highest temperatures in the heat exchanger are i.e. into the space surrounded by the further duct 113. 

found at the manifold pipe 10, iri the duct 11 and in the 55 In the embodiment of FIG. 2D, however, the cover 

upper part of the further duct or conduit i&. These 2', which is connected with the ducts 112, 112' and 113 

components can be made from high-quality, refractories in the manner described in connection with FIG. 2C, 

and low corrosion steel alloys, for example, IN- cooperates with a stiffening plate 23d which is located 

COLOY. Because of the provision of the cooling coils above the cover 2' and possibly at a region above the 

18, and its large heat transfer cross section with the 60 top of the further duct 113. Here, therefore, the stiffen- 

cover 2, the conduit 13 has a negative temperature ing plate 23d has an opening 23d' which passes the duct 

gradient downwardly. The space between duct 11 and 11 with clearance. The plate 23d is welded to the ducts 

the conduit 13 is filled with the reaction gas. 112, 112' and to a vertical extension 1' of the vessel wall 

„ Because of this annular compartment and the cooling 1. 

winding, the cover 1 is larger thermally isolated from 65 Still other modifications of such structures can be 

the hot duct 11. The radial thickness of the annular provided combining features of FIGS. 2A through 2D. 

space should not, however, be so great that gas turbu- For example, the wall extension 1' can be used in the 

lence can occur therein. embodiment of FIGS. 2 A and 2B in which the stiffening 
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plate is located above the cover and can be welded to outlet. As a result, additional fittings, openings or for- 

such cover plate. inations on the vessel cover 202 need not be provided. 

In the embodiment of FIG. 2E, the stiffening plate Naturally, it is also possible to provide the bundle of 

23c is upwardly convex, i.e. is upwardly and outwardly outer tubes 6a with its manifold pipe 9" in such configu- 

domed.being mounted above the cover 2' to which it is 5 ration that it is suspended independently from the vessel 

connected by bolts 25 as has been shown diagrammati- coyer 202. In this case, the manifold pipe can have a T 

cally in this FIGURE. The plate 23e can, of course, be configuration with its straight head running to the 

welded to the ducts 112, 112' and 113. cover 202 and there being suspended. The fluids thus 

In FIG. 3, 1 have shown a further embodiment of the flow through this manifold pipe via the branch. Such an 

heat exchanger of the present invention wherein, devi- 10 arrangement has been illustrated in 33 where a cover is 

ating from the previous embodiment, the central duct provided in the T-shaped pipe to prevent exposure of 

111, which coaxially surround the manifold pipe 10, has the c ° ver 202 t0 the pressure and temperature of the 

the same diameter as the partition 3. This will generally A^d in the heat exchanger tubes. The pressure equaliza- 

require a larger opening 2a in the cover 2 and hence a *» <»« 33' can be provided between the interior of the 

larger diameter further duct or conduit 213, as well as a 15 partition pipe section and the outer space 5 of the vessel, 

larger diameter cooling coil 218. The c ? ver 202 thus has a uniform pressure over its 

The entire assembly 111 with its sealing layer 22a and entlrc mner surface. When, however, it is not important 

the manifold pipe 10 (with or without the associated l ° P revent apphcation of the heat or pressure of the 

tube bundle) can be withdrawn from the heat ex- ^ fluid traversing the heat exchanger tur^ to the cover 

changer, cleaned and replaced or simply exchanged for 20 ^ |^3^ nd the P™^^™ port 33 

3 T^^nf"^ 1W( „f inw-nH™ th» In the embodiment of FIG. 4, the reaction gas is 

u^azs^^^^z^i a rr^ "„-?■ ,e r r heat ,tst vfa f sr 

26, to enable this member 26a to be removed. The mam- " ™J**T*J TT, /i« ,T.' h « 

fold pipe 10 can then be withdrawn with the inner tube SS^^-oh^ in ac . 

cordance with the present invention, the vessel 1 can 
contain a packing or filling of catalyst material or a 



bundle for cleaning, maintenance or replacement. The 
connection between inner and outer tube 



be separated by opening welds at locations 27, 28 and 



„ - . . - , . , , t „ 30 material promoting heat exchange. 

29. Furthermore, a simple weld can be provided at 26, The heat exch r shown in FIG . 5 has ^ found 
m place of the removable connection, if desired this tQ ^ espedMy effective for the S y nthesis D f methane 



weld being burned away to allow disassembly of the 



from carbon monoxide and hydrogen, i.e. from so- 



heat exchanger. synlhesis gas . 

It has been found to be especially advantageous (see 35 ^ reactor comprises a cylindrical vessel 35 con- 
FIG. 4) to mount a metal cylinder 30 upon the vessel 1, two concentric ( coa xial) helical^oil tube bun- 

and to pass this relatively large diameter cylinder dies with the inner coil 37 being wound around a core 
through an opening in the cover 202. The cylinder 30 t ube 35 while the ^ of the outer tube bundIe 3, Me 
can be provided with a fitting 312A through which the wound around a cylindrical shell 39. 
reactor gas is discharged. In this embodiment, the coil 40 The shell 39 is advantageously formed of a basket 
318 surrounds a cylindrical extension 313 of the cylin- weave or open work const ruction and is mounted upon 
der 30 which isextended by a partition 303 and which a support ^ 39a to access to the outer tube 

is closed at its bottom by a frustoconical transition piece bundle 38. 

311' communicating between the inner space 304 and The tube bundles 37 and 38 can have the configura- 
the central duct 311. The central duct 311 has the fitting 45 tion illustrated in the aforementioned patent. 
311- into which the hot reactor gas is introduced in the The tube bundles 37 and 38 arc interconnected at 

direction of arrow 16. their underside as represented diagrammatically in FIG. 

The central manifold pipe 10 is connected to the inner 5 so that fluid can continuously flow through the heat 
tube bundle, i.e. the tubes 6b, in the manner previously exchanger tubes in one tube bundle and then below the 
described. In this embodiment the diameter of the fur- 50 partition and through the heat exchanger tubes of the 
ther duct 313 should be at least equal to the diameter of other tube bundle in the opposite direction, 
the outermost coil of the inner tube bundle of the tubes The free ends of the coils communicate with manifold 
66- pipes. 40, 41 which extend out of the reactor or vessel 

In this embodiment, the diameter of the further pipe 35. 
313, which has a high temperature upper end, can be 55 Between the central manifold pipe 40 and the interior 
substantially smaller while nevertheless permitting re- of the shell 39, there is provided the duct 42 which 
placement of the inner tube bundle. sealingly communicates with the interior of the shell 39 

The cylinder 30 is extended with uniform diameter to and is of a smaller diameter than the inner space defined 
the partition 303 and serves as suspending device for thereby. The inner space thus communicates, as repre- 
this partition and for the outer tube bundle. In the re- 60 sented by arrows 63, with the outer space of the vessel, 
gion between the cylinder 30 and the partition 303, The annular space between the shell 39 and the wall 
openings 31, 32 are provided to allow fluid to pass into of the vessel is connected via a further duct 43 with the 
the cylinder. The openings 31, 32 also have the advan- exterior. This connection is effected by openings 44 
tage that they allow access to internal elements of the above the tube bundles in the duct 43 and in a further 
system for maintenance. 65 duct 53 which will be described below and which 

The cylinder 30 also serves as a support for the mani- serves as a sealing member and partition in the manner 
fold pipe 9" for the reaction steam and also has, as has previously described. As can be seen from the left-hand 
been indicated, the fitting serving as the reaction gas side of FIG. 5 diagrammatically, the openings 44 also 
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serve to pass a pipe 45 connected to a further cooling 
coil 48 and a pipe extending from the manifold pipe 41 
to the exterior. This avoids the need for unnecessary 
weld seams in the cover or walls of the heat exchanger 
and increases the safety factor at the high temperatures 5 
and pressures in which the system operates. 

Since the duct 43 has substantially the same diameter 
as the shell 39, the entire inner tube bundle can be re- 
moved upon release of the flange connection 47 be- 
tween the upper dome and the duct 43. 10 

The portion of the duct 43 at the hot end of the heat 
exchanger is cooled by the coil 46. 

Between the outer tube bundle 38 and the vessel wall, 
the aforementioned further cooling coil 48 can be paral- 
lel to the outer layer of turns of the outer tube bundle. 15 
Valves 49 and 50 serve to control the feed of the coolant 
to the outer tube bundle and the coil 48 independently 
so that either flow can be blocked independently of the 
other, the cooling fluid being supplied via the line 65. 

A bypass line 51 with its selectively controlled valve 
52 connects the inlet to the outer tube coil 38 with the 
outlet of the inner tube bundle 37. 

The inner tube bundle is surrounded by the sealing 
partition member 53 which prevents the passage of fluid 2J 
between the outer layer of tubes and the partition. 

The space within the basket-forming shell 39 is sealed 
by the cylindrical sealing member 54 from the space 
between the shell 39 and the wall of the vessel. Between 
the cooling coil 48 and the wall of the vessel, a further 30 
sealing shell 55 is provided at the upper outwardly 
turned lip which engages the wall of the vessel. A seal- 
ing lip 68 seals the annular gap between the support ring 
39a and the partition 53. 

At a distance from the outwardly and downwardly 35 
convex bottom 35a of the vessel, there is provided a 
plate 56 perpendicular to the axis of the heat exchanger, 
this plate being formed with gas-passing openings 69 of 
which only one has been shown in the drawing. The 
plate 56 serves as a support for the catalyst packing or 40 
filling loosely dumped into the heat exchanger. For the 
production of methane from synthesis gas, the catalyst 
can be constituted by nickel granules. 

To prevent the catalyst from passing through the 
openings 69, the openings are covered by narrow-mesh 45 
screens 67. 

Screen-type filters 58 and 59 are provided in the inlet 
and outlet flow cross sections for the gas to retain impu- 
rities. 

According to the invention, moreover, the bottom of 50 
the heat exchanger is provided with a fitting 57 which 
may be opened or closed by the valve 60. The fitting 57 
enables impurities separated below the plate 56 at the 
bottom of the vessel 35 to be emptied or, where neces- 
sary, permits the introduction of a fluid or removal of a 55 
fluid when the heat exchanger is to be operated at a 
fraction of its normal loading. 

With full load operation, however, the opening 57 is 
closed by valve 60 while the inlet valve 61 is opened to 
permit the gas, i.e. a mixture of carbon monoxide and 60 
hydrogen, to flow into the duct 43 and thence via the 
opening 44 in the latter, through the outer annular space 
of the heat exchanger past the outer tube bundle 38 
undergoing a catalyzed reaction to produce methane. In 
the filter 59, which is located upstream of the openings 65 
44, contaminants are removed. 

The products of the reaction are methane and water. 
The reaction heat is taken up by the coolant traversing 



14 

the heat-exchanger tubes, this coolant being preferably 

The methane flows through the plate 56 and then, as 
represented by the arrows 63, upwardly through the 
inner space within the partition where previously unre- 
acted carbon monoxide and hydrogen react to produce 
methane and water vapor. The gases then leave the 
reactor through the central duct 42, being filtered at 58. 
Further reaction heat is removed in the inner tube bun- 
dle. For partial-load operation of the heat exchanger, 
valve 61 is closed and valve 60 is opened. The synthesis 
gas is then supplied through the fitting 57 and trans- 
verses only the inner space while undergoing reaction 
in the manner described. Naturally, by both partial load 
or full load operation, a reverse flow of the gas is possi- 
ble. This reverse flow process is preferred when the 
synthesis gas is supplied in a hot state. However, for 
maximum advantage of the heat exchanger of the pres- 
ent invention, the hot end should be at 64. 

The cooling fluid traversing the heat exchanger tube 
will, of course, flow in the direction best suited for the 
operation of the heat exchanger as determined by the 
settings of the valves 59, 50 and 52, either upwardly or 
downwardly through the outer heat exchanger coil and 
in a corresponding direction through the inner heat 
exchanger tube bundle. The same applies to the flow 
through the coil 48. 

In one case, valve 50 is closed and valves 49 and 52 
are opened. The cooling fluid then passes downwardly 
through the cooling coil 48 and downwardly in the 
outer tube bundle but upwardly in the inner tube bundle 
with the coolant from the inner tube bundle thereafter 
flowing through the coil 48 at least in part. In another 
case, valve 52 is closed and valves 49 and 50 are opened. 
In this arrangement the cooling fluid in the outer tube 
bundle 38 flows downwardly while the flow of coolant 
in the outer coil 48 is from the original source rather 
than the inner tube coil. Naturally the valve arrange- 
ments can be used for reversal of either flow direction 
through the cooling tubes or the heat exchanger tube 
bundles. 

The heat exchanger shown in FIG. 5 has been used 
effectively in the isothermal synthesis of methane, the 
term "isothermal" being used to refer to the fact that the 
cooling water is converted to steam at constant temper- 
ature. The pressure of the synthesis gas introduced as 
water and steam is recovered at a pressure of 100 bar 
and a temperature of 600° K. 

As indicated previously, the heat exchangers of the 
present invention can be produced by an improved 
process which allows larger heat exchangers to be fabri- 
cated more economically than has hitherto been the 
case. 

Basically, each heat exchanger comprises four parts, 
an inner helical-coil tube bundle, an outer helical-coil 
tube bundle, a cylindrical vessel with a cover and a 
vessel bottom with a support frame although the latter 
has not been shown here. These elements can be sepa- 
rately transported to ensure that large heat exchangers 
can be produced with a total mass or volume exceeding 
normal transport availability. 

At the erection site, the heat exchanger bottom with 
its support frame is positioned and a column plate is 
introduced to facilitate mounting. The inner coil with 
its sealing partition is then set on the mounting plate and 
thereafter the outer coil is applied, preferably with its 
sealing cylindrical member by displacing it axially over 
the inner coil so that the core of the outer coil is formed 
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by the partition between the two coils. Then the vessel tition and said inner tube bundle and connected with 

wall is set over the outer coil and welded to the bottom. said partition. 

The inner coil, the outer coil and the partition are then 4. The heat exchanger defined in claim 1, further 

connected to the cover, the mounting plate is removed, comprising a sealing layer formed on the wall of said 

and the inner sealing sleeve is connected with the parti- 5 vessel and engaging said outer tube bundle, 

tion while the outer sleeve is connected with the vessel 5. The heat exchanger defined in claim 4, further 

wall. The heat exchanger tubes of the two tube bundles comprising a layer of insulation between said sealing 

are then interconnected below the partition. layer and said wall of said vessel. 

When it is desired to avoid providing openings in the 6 - The heat exchanger defined in claim 1, further 

vessel bottom to permit insertion of the mounting plate 10 comprising a mass of a packing permeable to gas flow in 

or its removal, a somewhat different modus operandi is at least one of said spaces. 

used. 7. The heat exchanger defined in claim 6 wherein said 

First the partition is set up with a welded bottom and packing is a catalyst for a reaction to be conducted in 

simultaneously the inner and outer coils are axially sa ' d spaces. 

telescoped and connected together. The duct 34 (FIG. 15 8 - The heat exchanger defined in claim 1 wherein said 

4) is then arranged parallel to the core tube and can conduit is a cylinder extending to said partition and 

extend the full length of the tube bundles. Water is forming said further duct, said cylinder having an inner 

poured into the vessel bottom and frozen and the coils diameter at least equal to the outer diameter of said 

are lowered into the vessel bottom and frozen and the ! nner tube bundle and said further manifold pipe extend- 

coils are lowered into the vessel 1 onto the ice surface. 20 ,n S out of the heat exchanger at least in part through 

The cover 2 is then set in place and connection between said cylinder. . 

the ducts, papers and tubes is made so that the coils are 9 The Jusat "changer defined in claim 8 wherein said 

suspended from the cover. The water is then melted and ou !f l " be ^ undle « suspended from said cylinder, 

aspirated out of the system through the duct 34 which is „ ™ e h ? at f exchanger defined in claim 1 wherein 

thereafter closed. 25 ^bottom is formed with a closable fitting 

I claim- exchanger defined in claim 1, further 

1. A heat exchanger comprising: comprising an additional cooling coil disposed between 
„ „i„o„j „,;„ii„ =i„ „„i;.„?,;„„i .,«,„„„i e ~a sal " outer tube bundle and the wall of said vessel, and 

^J^iX^^^^^XL connected in P arallel with the outer tube bundle > the 

one end with a cover and at the other end with a }Q m£mifo , d pipe ^ f the outer tube bund]e being connected 

0 .. om '. , , . .1 ._, via a closable bypass line with manifold pipe of the 

a cylindrical partition extending from said cover inngr tufee bundl ^ whereby the additional ^ cojl 

toward said bottom and terminating short of said and the feed tQ the outef » ^ bundle can fee ^ ff 

bottom while subdividing the interior of said vessel independent i y from one another . 

into a cylindrical space within said partition and a 35 12 xhe heat exchanger defmed in claim 1( further 

cylindrical outer space surrounding said partition, compr i s i ng a sup port plate extending across said vessel 

said spaces communicating with one another be- bgtween thg bottom and said end of sajd partition> said 

tween an end of said partition and said bottom; su t ]ate bei provided with gas . perm eable open- 

an inner tube bundle m said inner space and an outer j ngs 

tube bundle in said outer space, said inner and outer 40 ,3. The heat exchanger defmed in claim 1( further 
tube bundles being each formed by a multiplicity of comprising filters along said ducts for removing con- 
heat exchanger tubes; taminants from said second fluid. 

means connecting the tubes of said outer bundle with 14 The heat exchanger defined in claim 1, wherein 

tubes of said inner bundle between said end of said said partition is formed at least in part as a basket, fur- 

partition and said bottom; 45 ther comprising a sealing sleeve surrounding said bas- 

a central manifold pipe connected to the tubes of said - - - 
inner tube bundle and at least one further manifold 15. A method of making a portion of the heat ex- 
pipe connected to the tubes of said outer tube bun- changer defined in claim 1 which comprises separately 
die, said manifold pipes passing through said cover coiling the inner tube bundle and the outer tube bundle 
for feeding a first fluid to and removing said first 50 on a tube core and on said partition, respectively, and 
fluid from said tube bundles whereby said fluid then telescopingly interfitting said tube bundles and 
passes through said tube bundles in succession; and interconnecting the tubes thereof beyond the end of said 

a central duct coaxially spacedly surrounding said partition, 
central manifold pipe externally of said vessel and 16. The heat exchanger defined in claim 1 wherein 
communicating with said inner space, and at least 55 each of said tube bundles comprises a multiplicity of 
one further duct spacedly surrounding coaxially a layers of helically coiled tubes each of said layers Ir- 
respective said further manifold pipe and commu- ing a plurality of such tubes, 
nicating with said outer space for passing a second 17. A heat exchanger comprising: 
fluid through said spaces in succession, said ducts a closed axially elongated cylindrical vessel formed at 
communicating with said spaces through said 60 one end with a cover and at the other end with a 
cover whereby all fluid feed to said tubes and bottom; 

spaces and all fluid discharged from said tubes and a cylindrical partition extending from said cover 

said spaces is effected through said cover. toward said bottom and terminating short of said 

2. The heat exchanger defined in claim 1, further bottom while subdividing the interior of said vessel 
comprising a stiffening plate spaced from said cover and 65 into a cylindrical inner space within said partition 
rigidly connected therewith. and a cylindrical outer space surrounding said par- 

3. The heat exchanger defined in claim 1, further tition, said spaces communicating with one another 
comprising a sealing layer interposed between said par- between an end of said partition and said bottom; 
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an inner tube bundle in said inner space and an outer 20. The heat exchanger defined in claim 17, further 
tube bundle in said outer space, said inner and outer comprising a sealing layer formed on the wall of said 
tube bundles being each formed by a multiplicity of vessel and engaging said outer tube bundle, 

heat exchanger tubes; 21. The heat exchanger defined in claim 20, further 

means connecting the tubes of said outer bundle with 5 comprising a layer of insulation between said sealing 

tubes of said inner bundle between said end of said layer and said wall of said vessel, 

partition and said bottom; 22. The heat exchanger defined in claim 17, further 

a central manifold pipe connected to the tubes of said comprising a mass of a packing permeable to gas flow in 

inner bundle and at least one further manifold pipe at least one of spaces. 

connected to the tubes of said outer tube bundle, 10 23. The heat exchanger defined in claim 22 wherein 

said manifold pipes passing through said cover for ? aid pacing a catalyst for a reaction to be conducted 

feeding a first fluid to and removing said first fluid m said spaces. t . 

from said tube bundles whereby said fluid passes ^ heat exchanger defined m claim 17 wherein 

through said tube bundles in succession; „ b ^ om , » / orm « d wlth f ?°*?* e , . 

a central duct coaxially surrounding said central man- 15 2S " V? hcat "^ anB , er d f med *" clalm * 7 ! f " rther 

;f„u „_j . ;„_.:_„ ,.„-*i, ,„ :A ; „ compnsing an additional cooling coil disposed between 

a d ^ir^Ji.SZ said outer tube bundle and the wall of skTd vessel, and 

^^^^L^ZS^a^^M connected in P arallel with the ° uter tube bundle ' the 

with sad outer space for passing a second fluid manifold } ^ the outer ^ bund , e ^ connected 

through said spaces in succession, said ducts com- M yia ft do ^ e fc , me with manifold *j of the 

municating with said spaces through said cover; mner tube bun(Jle whereb the additional cooli coil 

a conduit fixed to said cover and coaxially surround- ^ the feed t0 ^ outer tube bundle can ^ closed off 

ing said central duct; independently from one another. 

a cooling coil surrounding said conduit, said conduit 2 6. ^ heat exchanger defined in claim 17, further 

being a cylinder extending to said partition and 2 5 comprising a support plate extending across said vessel 

forming said further duct, said cylinder having an between the bottom and said end of said partition, said 

inner tube bundle; and support plate being provided with gas-permeable open- 

a supply line for said cooling coil extending out of i„g S . 

said vessel through said cylinder. 27. The heat exchanger defined in claim 17, further 

18. The heat exchanger defined in claim 17, further 30 comprising filters along said ducts for removing con- 
comprising a stiffening plate spaced from said cover and taminants from said second fluid. 

rigidly connected therewith. 28. The heat exchanger defined in claim 17 wherein 

19. The heat exchanger defined in claim 17, further each of said tube bundles comprises a multiplicity of 
comprising a sealing layer interposed between said par- layers of helically coiled tubes each of said layers hav- 
tition and said inner tube bundle and connected with 35 ing a plurality of such tubes. 

said partition. » » » » » 
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PRIMARY-EXAMINER: Cuchlinski, Jr. ; William A. 
ATTY- AGENT-FIRM: Ross; Karl F. 
ABSTRACT: 

A heat exchanger, reactor or like apparatus capable of carrying out heat 
exchange, material exchange or combinations thereof, comprises a cylindrical 
housing formed at one end with a cover and provided internally with a 
cylindrical partition earned by the cover and reaching toward but terminating 
short of the opposite end of the housing to subdivide the interior into an 
inner chamber or space and an outer annular chamber or space. A first fluid is 
fed to a helical-coil tube bundle in the outer space and then passes into a 
helical-coil tube bundle in the inner space before being discharged through a 
manifold and pipe in the cover disposed centrally. The inlet pipe or pipes are 
also carried by the cover outwardly of the central pipe. The conduits for the 
second fluid which open into the spaces and which pass around the heat 
exchanger pipes in these spaces are also carried by the cover and may extend 
coaxially with the first fluid conduits. 

28 Claims, 1 1 Drawing figures 

Exemplary Claim Number: 1 

Number of Drawing Sheets: 6 

BRIEF SUMMARY: 

( 1 ) FIELD OF THE INVENTION 

(2) The present invention relates to a vessel adapted to be used as a heat 
exchanger and/or reactor and, more particularly, to a high-temperature and 
high-pressure heat exchanger, especially adapted to be used in the synthesis of 
methane. The invention also relates to a method of making such a heat 
exchanger or reactor. 

(3) BACKGROUND OF THE INVENTION 
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(4) While there are a large number of heat exchangers or chemical reactors 
capable of effecting indirect heat exchange between two fluids, e.g. in the 
simple heating and cooling of a first fluid by a second fluid or in the thermal 
induction of a reaction in a first fluid by heat supplied by a second fluid or 
for the abstraction of reaction heat of the first fluid by a second fluid, 
problems continue to be encountered, especially when the reactor must be 
operated at high temperatures and with elevated pressures. 

(5) In such cases, significant technological problems arise, for example, 
when the operating temperature must be 900.degree. to 1300. degree. K., or in 
a similar range, the components of the heat exchanger must be composed, at 
least at the so-called hot end, of special alloys which are expensive and 
frequently have limited strength. When in addition, the fluids are under 
pressure, the problem is accentuated since the wall thickness of any stressed 
parts must be increased, thereby raising the cost of the unit. 

(6) The heat exchanger must have large dimensions to be practical for a 
particular chemical or other process, the reactor or heat exchanger cannot be 
designed from standard tables because of the higher wall thickness, special 
materials, etc. In fact, some of the refractory alloys which may be required 
are not conveniently available in large quantities. The weight of the reactor 
can become prohibitive in that the unit can no longer be readily transported by 
standard commercial means. 

(7) This applies to heat exchangers having a cylindrical housing and a tube 
bundle therein to which one of the fluids is admitted at one end and removed at 
the other, to heat exchangers in which a fluid is admitted to the housing 
around a tube bundle at one end and systems in which access to the space within 
the housing is effected through the cylindrical wall of the casing or shell. 

(8) In a coiled-tube exchanger, moreover, while it is common practice to wind 
the coils of the tube bundle on a core tube or pipe by rotating the later 
between end supports, the size of the heat exchanger which can be fabricated is 
limited by the weight of the tubes which can be supported by the tubular core. 
In practice, the coil continues to a point just before buckling of the core 

tube and this buckling point limits the size of the heat exchanger bundle which 
can be formed on the tube. 

(9) Naturally, it is possible to increase the mass of pipe which can be 
carried by using a core tube of larger diameter, but this requires a trade-off 
since it increases the useless volume, i.e. the space occupied by the core 
tube. 

(10) OBJECTS OF THE INVENTION 

(11) It is the principal object of the present invention to provide an 
improved heat exchanger for the purposes described which is capable of 
operating at high pressures and high temperatures, which can be fabricated at 
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low cost and which, in general, overcomes the disadvantages of the earlier 
systems mentioned above. 

(12) Another object of this invention is to provide an improved method of 
making a heat exchanger or reactor which will allow the product to be larger in 
size than has hitherto been practical, consistent with the transport and other 
limits mentioned above. 

(13) SUMMARY OF THE INVENTION 

(14) These objects and others which will become apparent hereinafter are 
attained, in accordance with the present invention, by providing the heat 
exchanger as a preferably upright structure with a cylindrical housing formed 
at its upper end with a cover and its lower end with a closed bottom. 

(15) According to the invention, a cylindrical partition or sleeve extends 
axially within this vessel from the cover to a location close to but spaced 
from the bottom to subdivide the interior into an annular outer space and an 
inner space along the axis of the vessel. 

(16) According to the invention, respective tube bundles, preferably of 
helically coiled heat exchanger tubes (although straight tubes can be used 
alone or interspersed or combined with helical tubes) are provided in each of 
the spaces, i.e. between the partition and the shell of the heat exchanger on 
the one hand and within the partition on the other hand. 

(17) According to the invention, the means forming the tube bundles include 
tubes for a first fluid which runs from the cover proximal to the casing or 
outer wall of the vessel toward the bottom thereof, then inwardly toward the 
vessel axis and then within the inner space through the second tube bundle back 
to the cover with the two ends of each tube forming part of the tube bundles or 
at least the ends of the tube bundles proximal to the cover communicating with 
manifold pipes which are led outwardly from the vessel through the cover. 

(18) The outer and inner sections of the heat exchanger tubes, connected 
together below the partition but separated from one another in the respective 
tube bundles, thus lie in distinct zones of the heat exchanger, one radially 
outwardly from the other, and separated from one another by the cylindrical 
partition. 

(19) The latter opens into the interior or the vessel at its lower end while 

its upper end passes coaxially through and is sealed to a conduit for supplying 
a second fluid through the cover into the interior of the vessel to pass around 
the heat exchanger tube forming the tube bundles. In other words one of the 
manifold pipes for the tube bundles is sealed to the conduit which extends into 
the partition and communicates with the interior therewith while being 
sealingly mounted upon the aforementioned cover. Via this conduit, the 
partition is sealingly connected annularly to the cover. The last mentioned 
pipe and the conduit are coaxial so that an annular passage is formed between 
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the conduit and the pipe. 

(20) Outwardly of the central pipe and conduit assembly, there may be 
provided additional manifold pipes communicating with the tube bundles, e.g. in 
angularly equispaced relationship, while one or more of these latter pipes may 
be sealed to and coaxial with further conduits sealed to the cover and 
conducting the second fluid into or out of the heat exchanger in the direction 
opposite the direction in which this fluid passes through the central conduit. 

(21) In accordance with the principles of the present invention, therefore, 
the interior of the vessel is subdivided internally by the cylindrical 
partition into a circular cross-section, axially extending inner space and into 
a circular-cross section annular outer space extending axially between the 
partition and the housing wall. 

(22) The two spaces are in communication with one another only in the region 
of the bottom of the vessel. In the region of the cover the partition 
indirectly or directly is sealed to the cover and extends into a conduit above 
the cover, preferably running coaxially with the cover and the vessel, forming 

a passage for the second fluid. 

(23) Within the spaces mentioned previously, stretches of heat exchanger 
tubes are provided for the first fluid. The tube stretches which terminate in 
the inner space, open into a manifold pipe sealed to the cylindrical conduit, 
this pipe communicating with a plurality of such tube stretches, e.g. to 
collect fluid from these stretches. 

(24) At least one but preferably a plurality of manifold pipes communicate 
with groups of stretches of the heat exchanger of the outer tube bundle, the 
manifold pipes serving for the supply and withdrawal of the first fluid while 
the conduits pass the second fluid in heat exchange relationship with the 
tubes. Each of the conduits thus surrounds with clearance a length of a 
manifold pipe so that a passage extends along this length for traversal by the 
second fluid. 

(25) The fluids are fed to and led from the heat exchanger preferably so that 
the so-called "hot-end" of the heat exchanger lies in the region of the axis 
thereof while the "cold end" lies externally of the axis. Consequently, the 
outer portion of the cover, all or part of the bottom, the outer conduits and 
the outer manifold pipes lie at the cold side. 

(26) The elements which are subject to high temperature are only the central 
manifold tube, the conduit for the second fluid and any further tubes which are 
close to this conduit. The lower ends of the latter tubes can be connected 
with the cold side of the cover and only reach critical temperature at the 
extreme upper side of the temperature range. 

(27) All of the hot and therefore critical elements have relatively small 
diameters in the system of the present invention. 
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(28) It has been found to be advantageous, with the system of the present 
invention, that only a small portion of the heat exchanger is subjected to the 
maximum temperature and that these portions have a relatively simple geometry 
so that the length of the heat exchanger can be as small as possible. The heat 
exchanger of the invention can be subjected to high temperatures and pressures 
and can be produced with large dimensions. The damage which can occur at 
critical regions is minimized and the stress characteristics can be calculated 

by standard techniques. 

(29) According to a feature of the invention, the second pipe or duct, which 
coaxially surrounds the central manifold pipe, is in turn surrounded by a 
further pipe or duct, hereinafter referred as a conduit, which can be affixed 
to the cover of the heat exchanger. 

(30) This conduit is provided with a cooling coil. The conduit can form the 
hottest point of the hot end of the heat exchanger, being substantially at its 
upper end at the temperature of the hotter of the two fluids. The lower end of 
this conduit is thus fixed to the cover of the heat exchanger and is, 
substantially, at the temperature of the colder fluid. 

(31) Since there is practically no fluid flow in the space between this 
conduit and the duct lying coaxially inwardly thereof, a certain amount of heat 
is transferred from this duct to the conduit. The cooling coil surrounding the 
latter dissipates the heat on the one hand by thermal conduction and on the 
other hand by radiation and convection. 

(32) According to another feature of the invention, a stiffening plate is 
provided to reinforce the cover, the stiffening plate being spaced therefrom 
but rigidly connected thereto. The stiffening plate can be located within the 
vessel or externally thereof and can be planar or can be curved, e.g. to 
conform to the curvature of the cover. Similarly, the cover of the heat 
exchanger can be planar or curved, e.g. outwardly domed. 

(33) The connection between the cover and the stiffening plate can be 
effected by the ducts or conduit previously mentioned to which the stiffening 
plate can be welded, and/or by an upward tension of the side wall or shell of 
the vessel, and/or by a portion of the side wall of the vessel itself, and/or 

by tension members connected to the cover and the stiffening plate and spanning 
the gap between them. The stiffening plate takes up a portion of the pressure 
forces which may apply to the cover. 

(34) Because of the presence of the stiffening plate, the wall thickness of 
the cover can be reduced for a given nominal pressure of the vessel, thereby 
reducing costs of components which may have to be made from scarce or special 
materials. 

(35) According to yet another feature of the invention, the inner tube bundle 
is provided with an outer sealing sleeve or layer which can be connected with 
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the cylindrical partition or shell to prevent a bypass flow of fluid between 
the shell or partition and the outer layer of helically coiled tubes of the 
inner tube bundle. The bypass flow of fluid would, of course, limit the heat 
exchange. Furthermore, between the partition and the sealing layer, a 
thermally insulating layer can be provided. 

(36) Similarly, the outer tube bundle may be closely surrounded and hugged by 
a sealing layer which is connnected with the interior of the vessel wall. 

Again a bypass flow of fluid is precluded. The layer may be separated from the 
inner surface of the outer vessel wall by a layer of thermal insulation. 

(37) It has been found to be advantageous, according to another feature of 
the invention, to fill the vessel at least partially with a loosely piled 
packing or filling of a catalytically active material, a filtering material 
and/or a material which promotes heat exchange by storing heat. When the 
material is a catalyst, it can be selected to promote a given catalyst reaction 
in one of the fluids. 

(38) According to yet another feature of the invention, the duct through 
which the manifold pipe extends centrally, has a removable cover, cap or top 
and a diameter dimensioned to allow withdrawal of the central manifold pipe 
together with the inner tube bundle. This permits inspection as required. The 
inner diameter of the duct thus can be at least equal to the outer diameter of 
the inner tube bundle and can be formed with a fitting for the second fluid. 
The duct thus forms a cylinder extending the partition upwardly and can be the 
support for the outer tube bundle while providing the passage whereby pipes or 
tubes extend through the cover. The cylinder can also be formed by the conduit 
mentioned previously, i.e. the further duct, in which case the duct coaxially 
centrally traversing the conduit can extend through the cylinder. 

(39) Where the conduit has the same diameter as the partition, the entire 
inner coil of the heat exchanger can be removed from the partition without 
damaging or affecting the cover of the heat exchanger. By removal of this 
inner coil, inspection of or addition to the packing is possible. 

(40) It has also been found to be advantageous to provide a closable opening 
in the bottom of the upright heat exchanger to allow the discharge of the 
contaminants which can collect therein and/or to permit the flow of fluid to or 
from one of the heat exchanger coils when the heat exchanger is to be used 
under less than full load. 

(41) The additional fitting in the bottom of the vessel does not involve the 
use of any critical materials or structures, since the hot end is always at the 
upper side. 

(42) As indicated earlier, the opening valve plays a two-fold role. On the 
one side, it allows impurities to be drained from the fluid which is cooled in 
the heat exchanger so that these fluids can be discharged. In addition, a cold 
fluid can be introduced into the heat exchanger through this opening or the 
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latter can be used to supply the cold fluid or to draw off a cooled fluid. 
Valves communicating with the various lines in the head or at the cover of the 
heat exchanger can control the direction of flow. 

(43) It has been found to be advantageous also to provide between the vessel 
wall and the outer tube bundle a cooling coil which lies parallel to the outer 
layer of coils. In this case, the manifold pipe or the outer tube bundle can 

be provided with a shunt line containing at least a valve and communicating via 
one of the valves with the feed conduit to this additional cooling coil. In 
general valves are provided, therefore, to allow the cooling coil to be fed in 
either direction independently of the direction of feed for the heat exchanger 
tubes of the outer space. 

(44) To facilitate anchoring the various parts to the inner wall of the 
vessel a plate provided with gas-traversing openings is provided across the 
bottom to further support the assembly formed by the coils. The feed line for 
the cooling coil can also be extended out of the vessel through the cylinder. 

(45) At the inlet and outlet passages the reacting fluid can be provided with 
filters to prevent contaminants from entering the system without material 
detriment to the operating efficiency. When it is desired to preclude deposits 
on the outer coil layer, it is advantageous to provide the partition shell as a 
basket which, upon withdrawal from the heat exchanger scrapes away any deposits 
through the basket openings. The basket shell may, of course, by surrounded by 

a sealing sleeve with a similar effect to the sealing action already described 
when the basket is in place. The heat exchanger of the present invention has 
been found to be especially effective when used as a methane synthesis reactor 
for the production of methane from synthesis gas by the strongly exothermic 
reaction 

(1) CO+3H.sub.2 .fwdarw.CH.sub.4 +H.sub.2 0+49.3 kcal/Mol CO 

(46) In this case a nickel-containing catalyst may form the packing. 

(47) Another aspect of the invention resides in the method by which the heat 
exchanger is formed. The common practice heretofore was to provide coil-tube 
heat exchanger in a single operation for forming all of the coils around a core 
tube. The limit in the size in the heat exchanger made in this manner was 70 

to 120 tons. The core tube was rotatably mounted and rotated as the coils were 
wound thereon. When the heat exchanger reached the maximum permissible weight, 
in the above-stated range, the coiling was terminated just prior to buckling of 
the core tube. 

(48) Naturally, the resistance to buckling could be increased by increasing 
the diameter of the core tube but results in an increase in the useless volume. 
According to the present invention, the problems are avoided by simultaneously 
coiling the inner tube bundle on its core tube and the outer coil bundle on the 
partition, shipping the two tube bundles separately to the erection site and 
then sliding the outer tube bundle over the inner tube bundle into the outer 
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tube bundle to assemble the heat exchanger. Thus even if each tube bundle has 
a weight of less than 150 tons, the practical maximum for convenient shipping, 
the total mass of the heat exchanger can far exceed 150 tons when the two heat 
exchangers are assembled and are interconnected below the partition. 

DRAWING DESCRIPTION: 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects, features and advantages of the present 
invention will become more readily apparent from the following description and 
specific Examples, reference being made to the accompanying drawing in which: 

FIG. 1 is a vertical cross-sectional view through a heat exchanger according 
to the invention in diagrammatic form; 

FIGS. 1A and IB are detail views illustrating features of the invention, the 
views being in cross section; 

FIGS. 2A through 2E are vertical cross-sectional views through embodiments 
of the invention showing only the upper end of the heat exchanger and the 
arrangements of the conduits and ducts at the upper end; 

FIG. 3 is a vertical cross-sectional view, also in diagrammatic form, 
illustrating a further modification in accordance with the present invention; 

FIG. 4 is a view similar to FIG. 3 illustrating another embodiment of the 
invention; and 

FIG. 5 is a vertical diagrammatic section through yet another embodiment of 
the invention but showing the entire heat exchanger. 

DETAILED DESCRIPTION: 

(1) SPECIFIC DESCRIPTION AND EXAMPLES 

(2) The present invention is described below in terms of heat exchangers for 
various purposes and a best mode process which can be carried out with the 
high-temperature, high-pressure heat exchangers of the invention, e.g. coal 
gasification with a pressurized- water reactor or methane synthesis. 

(3) In such a heat exchanger the heat content of the coal gasification 
reaction gases can be transferred to steam generated in a nuclear reactor and 
the operating pressure at both sides can be about 60 bar. The temperature at 
the hot end of the heat exchanger can be between 900.degree. and 1250.degree. 
K. and the efficiency of the apparatus increases with increasing temperature 
and increasing pressure of the reactor steam sides. The reactor steam can be 

at a temperature of 500.degree. to 600.degree. K. 
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(4) The heat exchanger illustrated in FIG. 1 comprises a cylindrical vessel 
or shell 1, with a vertical principal axis, which is closed at its bottom la. 

(5) At its upper end, the casing or shell 1 is closed by a cover 2 which has 
been represented only diagrammatically. In practice, the cover 2, which can be 
flat or upwardly convex (domed) will be provided with a peripheral flange which 
embodies the cover to be removable bolted to the outwardly extending peripheral 
flange on the housing. Such flanged attachments of the cover to the casing 

are, of course, well-known in the art. A weld closure can also be used. 

(6) Within the interior of the vessel formed by the cover 2 and the casing 1, 
there is provided a cylindrical shell or partition 3 which is fixed to the 

cover and extends downwardly therefrom to terminate at a location close to but 
spaced from the bottom la of the vessel 1. 

(7) The cylindrical partition 3 thus subdivides the interior of the vessel 
into a circular-section inner space 4 and a circular section annular outer 
space 5. The two spaces 4 and 5 are interconnected below the lower end of the 
partition 3. 

(8) The spaces 4 and 5 into which the interior of the vessel is subdivided 
receive heat exchanger tubes 6a and 6b respectively which depend from and are 
attached to the cover 2, the heat exchanger tubes 6a and 6b being in 
communication below the lower end of the partition as will be developed in 
greater detail below. 

(9) The heat exchanger tubes 6a and 6b may each form part of a tube bundle 
which can be of the helical-coil close-packed type, can be spirally-coiled heat 
exchanger tubes or can be axially extending rectilinear heat exchanger tubes or 
any combination thereof. Reference may be had to the U.S. Pat. No. 4,084,546 
which also shows a configuration of both rectilinear or coiled-tube bundles 
which may be applied for the present purposes. 

(10) In general a single flow path through these tubes proceeds from the 
cover 2 generally along or parallel to the outer wall of the vessel in the 
direction of the bottom, then inwardly toward the vessel's axis and within the 
partition 3 upwardly to the cover 2. 

(11) As has been stated, the heat exchanger tubes are assembled into tube 
bundles which can be coiled around the partition 3 in the outer space 5 and 
coiled around a core tube 21 within the inner space 4. Coiling arrangements of 
this type have been illustrated in U.S. Pat. No. 4,084,546 and need not be 
described in greater detail. A coiled-tube heat exchanger of this type 
provides excellent heat transfer and a highly specific surface (heat transfer 
surface per unit volume) so that the heat transfer is optimized for a given 
volume and weight of the heat exchangers. 

(12) While the type of winding will depend upon the requirements for a 
particular heat exchanger, e.g. as to pitch, coiled-tube diameter, density of 



3/3/2008, EAST Version: 2.2.1.0 



coiling, etc., in general a plurality of tubes should lie in each helical layer 
and a plurality of helical layers should be provided as illustrated in the 
last-mentioned patent. Naturally, some of the tubes may run rectilinearly 
through one or both of the spaces 4, 5 preferably in combination with coil 
tubes, e.g. between layers thereof, or rectilinear tubes can be used to the 
exclusion of coiled tubes. The desired fluid path length for the requisite 
heat transfer will, of course, determining the configuration of the tube 
bundles or each tube bundle. The preferred and best mode, of course, is the 
helical-coil configuration which has been represented only diagrammatically in 
the drawings since individual delineation of each of the many tubes and many 
tube turns involved in such a helical-coil tube bundle would obscure other 
aspects of the invention. 

(13) The tubes can run continuously through the two spaces, i.e. can be 
formed in one piece and can be bent below the partition from the descending 
stretch in space 5 to the ascending stretch in space 4 as has been 
diagrammatically shown by the bend 7 in FIG. 1. 

(14) However, it is preferred to provide the tubes 6a and 6b separately from 
one another and to collect a number of tubes 6a in the space 5 into groups with 
each group communicating with a manifold 8a connected via a duct 8 with another 
manifold 8b communicating with a corresponding group of tubes extending through 
space 4. This has also been illustrated in FIG. 1. 

(15) In either case, the communication between the tube stretches 6a and 6b 
permits compensation for stresses resulting from the temperature differences in 
the tube sections 6a and 6b, i.e. expansion of the respective tube bundles or 
relative movement thereof. At their upper ends, the tubes 6a communicate with 
manifold pipes 9, 9' which can be angularly equispaced about the axis of the 
vessel and run through the cover tube from their respective manifolds 9a and 
9a'. The number of manifold pipes 9, 9' will, of course, depend upon the 
operating requirements, especially the flow volume to traverse the heat 
exchange tubes. 

(16) The inner tubes 6b open into a centrally disposed manifold pipe 10 at 
its manifold 10a. The central manifold pipe 10 also extends through the cover 
2. The central manifold pipe 10 defines an annular passage with a coaxial 
second tube or duct 1 1 provided with a fitting 11a which can be flanged to a 
source of the hot reaction gas. The duct 1 1 is sealed at its lower end 1 lb to 
the cylindrical partition 3 and can form a unit therewith whereby the hot 
reaction gas is fed through the annular space 11a downwardly and then through 
the inner space 4 to pass below the bottom of the partition 3 and thence 
upwardly through the outer space 5. 

(17) Coaxial with the manifold tubes 9 and 9' are further ducts 12 and 12', 
respectively, which are sealed at the lower ends 12a to the cover 2 and are 
formed at their upper ends with fittings 12b enabling them to be connected to a 
pipe system for discharging the cold reaction gas in the direction of arrow 17. 
Arrow 16 represents the direction of feed of the hot reaction gas. 
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(18) The duct 1 1 coaxially surrounding the central manifold pipe 10 is, in 
turn, coaxially surrounded by a further conduit 13 which defines an annular 
space 13a therewith communicating with the outer space 5 of the vessel. 

(19) In the present specific example, reactor steam at a temperature 

500. degree. K. to 600.degree. K. is introduced as represented by the arrows 
14 and 14' through the manifold pipes 9 and 9' to the heat exchanger tubes 6a 
and 6b and the superheated steam recovered at 15 has a temperature at 
850.degree. K. to 1200.degree. K. at the central manifold pipe 10. 

(20) The hot reaction gas is introduced at 16 at a temperature of 900. degree. 
K. to 1250.degree. K. through the central second pipe or duct 1 1 and is cooled 
by heat exchange with the reactor steam leaving the heat exchanger in the 
direction of arrow 17, 17' at a temperature of 550.degree. K. to 700.degree. 

K. 

(21) Naturally it is also possible to alter the direction in which the fluids 
are fed through the system. For example, the hotter fluid can be supplied 
through the central manifold pipe 10 while the colder fluid is fed through the 
ducts 12 and 12' whereby the hot end of the heat exchanger in the region of the 
axis of the vessel whereas, in the arrangement described earlier, the "hot end" 
lies outwardly of the axis. 

(22) It has been found to be advantageous, in either case, to pass the 
reaction gas through the spaces 4 and 5 direction, i.e. to avoid passing the 
reaction gas through the heat exchanger tubes 6a and 6b because the reaction 
gas, in the present specific example, generally contains soot and dust 
particles which then deposit upon the inner walls of the heat exchanger tubes 
and cause corrosion or encrustation which may even block the flow cross 
section. 

(23) A cooling coil 18 is provided around the further pipe (conduit) 13 and 
can be fed either with a third fluid as represented by the arrow 19 or by the 
colder of the two fluids which as passed in heat exchanging relation as 
represented by the arrow 20. This cooling coil has also been represented in 
highly diagrammatic form so as not to obscure other elements of the structure. 

(24) The inner and outer sections 6a and 6b of the heat exchanger pipes in 
contact with sealing layers 22a and 22b (see FIG. 1A) to prevent passages from 
being formed along the outer helical layers of the respective tube bundles 
between these outer lines and the wall of the vessel 1 or the partition 3 
through which the gases traversing the spaces 4 and 5 can flow without proper 
heat exchange. 

(25) In FIG. 1 A, the outer layer of heat exchanger tubes is represented at 
6a' and is shown to be in engagement with the sealing lining 22b. Thus any 
flow of gas between the layer 6a' and the wall 1 is precluded. The lining 22a 
operates similarly. 
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(26) Between the outer lining 22b and the vessel wall there may be provided a 
layer of thermal insulation as has been illustrated at lb in FIG. 1A. The 
insulation can, however, extend over the entire wall of the vessel 1. 
Similarly, between the partition 3 and the sealing layer 22a a layer of thermal 
insulation can be provided if desired or required. 

(27) To facilitate an understanding of the operation of the heat exchanger, 
particularly as to which of its structural elements may be the critical 
temperatures and pressures, it is pointed out that within the vessel 1, for 
which the cover 2 provides the sole access and egress for fluids, the pressure 
is about 60 bar and is practically equal both within the spaces 4 and 5 and 
within the tubes and ducts. 

(28) The pipes 9,9' and duct 1 1 which feed fluids to the heat exchanger, the 
pipe 10 and the ducts 12, 12' which conduit fluid from the heat exchanger, the 
vessel 1, the cover 2 and the further duct or conduit 13 must all be capable of 
withstanding this pressure. Similarly the heat exchanger tubes 6a, 6b 
traversed by the steam from the nuclear reactor, must be capable of 
withstanding this pressure. Since the same pressure is applied on both sides 
of the partition 3, this partition need not be constructed so as to be capable 

of withstanding such high pressures. 

(29) The highest temperatures in the heat exchanger are found at the manifold 
pipe 10, in the duct 1 1 and in the upper part of the further duct or conduit 

13. These components can be made from high-quality, refractories and low 
corrosion steel alloys, for example, INCOLOY. Because of the provision of the 
cooling coils 18 and its large heat transfer cross section with the cover 2, 
the conduit 13 has a negative temperature gradient downwardly. The space 
between duct 1 1 and the conduit 13 is filled with the reaction gas. 

(30) Because of this annular compartment and the cooling winding, the cover 1 
is larger thermally isolated from the hot duct 11. The radial thickness of the 
annular space should not, however, be so great that gas turbulence can occur 
therein. 

(31) In addition, to improve the thermal insulation, an insulating material 
can be introduced into the annular space. 

(32) At the locations a, b, c, d and e annular reinforcement is provided as 
represented at 13' FIG. IB to stiffen these high-stress areas. 

(33) The portions of the unit especially susceptible to the corrosion within 
the partition 3 are easily accessible. Since the same pressure applies on both 
sides of the partition and the net pressure on this partition is minimized by 
the fact that it does not constitute an enclosure to which a pressure gradient 

is applied, the partition can easily be cut away and welded back again in place 
for the access mentioned. 
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(34) In the embodiment of FIG. 2A, the stress upon the cover 2 is relieved in 
part by the provision of a stiffening plate 23a which may be welded at 23a' to 
the outer ducts 12, 12'. 

(35) In FIGS. 2A through 2E, similar parts have the same reference numerals 
and the reference numerals are the same as those used for corresponding parts 
in the embodiment of FIGS. 1, 1A and IB. 

(36) In all of FIGS. 2A through 2E, the stiffening plate has approximately 
the same temperature as the fluid at the cool side of the heat exchanger. 

(37) For example, this is achieved by welding the plate 23a to the ducts 12 
and 12' while providing a clearance 23a" through which the manifold pipe 10 
passes. 

(38) In the embodiment of FIG. 2B, the stiffening plate 23b is disposed 
closer to the cover 2 and is welded at 23b' not only to the outer ducts 12 and 
12' but also to the further duct or pipe 13 which, however, is cooled by the 
coil 18. The stiffening plate 23b is here located below the cooling coil 
although it may also be provided directly thereabove and can be similarly 
connected to the ducts 12, 12' and 13. The additional connection of the 
stiffening plate 23b to the further duct 13 has the advantage that the bending 
stress upon the cover 2 is reduced. 

(39) FIGS. 2C and 2D show embodiments in which a domed cover 2' is combined 
with a planar stiffening plate 23c or 23d. 

(40) In FIG. 2C, therefore, the outwardly and upwardly convex domed cover 2' 
is affixed to the ducts 1 12 and 1 12' in the manner previously described and to 
the further duct 113. 

(41) In this case, the planar stiffening plate 23c is formed with openings 
23c' which are traversed by the manifold pipes 9 and 9' and a central opening 
23c" clearing the duct 11. The plate 23c is connected to the vessel wall 1 
and, via tension rods 24, with the cover 2'. The openings 23c' and 23c" can 
permit the reaction gas to pass into the space between the cover 2' and the 
plate 23c, i.e. into the space surrounded by the further duct 1 13. 

(42) In the embodiment of FIG. 2D, however, the cover 2', which is connected 
with the ducts 112, 112' and 1 13 in the manner described in connection with 
FIG. 2C, cooperates with a stiffening plate 23d which is located above the 
cover 2' and possibly at a region above the top of the further duct 113. Here, 
therefore, the stiffening plate 23d has an opening 23d' which passes the duct 

1 1 with clearance. The plate 23d is welded to the ducts 112, 112' and to a 
vertical extension 1' of the vessel wall 1. 

(43) Still other modifications of such structures can be provided combining 
features of FIGS. 2A through 2D. For example, the wall extension 1' can be 
used in the embodiment of FIGS. 2A and 2B in which the stiffening plate is 
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located above the cover and can be welded to such cover plate. 

(44) In the embodiment of FIG. 2E, the stiffening plate 23e is upwardly 
convex, i.e. is upwardly and outwardly domed, being mounted above the cover 2' 
to which it is connected by bolts 25 as has been shown diagrammatically in this 
FIGURE. The plate 23e can, of course, be welded to the ducts 1 12, 1 12' and 
113. 

(45) In FIG. 3, 1 have shown a further embodiment of the heat exchanger of 
the present invention wherein, deviating from the previous embodiment, the 
central duct 111, which coaxially surround the manifold pipe 10, has the same 
diameter as the partition 3. This will generally require a larger opening 2a 

in the cover 2 and hence a larger diameter further duct or conduit 213, as well 
as a larger diameter cooling coil 218. 

(46) The entire assembly 111 with its sealing layer 22a and the manifold pipe 
10 (with or without the associated tube bundle) can be withdrawn from the heat 
exchanger, cleaned and replaced or simply exchanged for a corresponding unit. 

(47) According to another aspect of the invention, the upper closure member 
26a of the duct 111 may have a removable connection as represented by the 
flange joint 26, to enable this member 26a to be removed. The manifold pipe 10 
can then be withdrawn with the inner tube bundle for cleaning, maintenance or 
replacement. The connection between inner and outer tube sections can be 
separated by opening welds at locations 27, 28 and 29. Furthermore, a simple 
weld can be provided at 26, in place of the removable connection, if desired, 
this weld being burned away to allow disassembly of the heat exchanger. 

(48) It has been found to be especially advantageous (see FIG. 4) to mount a 
metal cylinder 30 upon the vessel 1, and to pass this relatively large diameter 
cylinder through an opening in the cover 202. The cylinder 30 can be provided 
with a fitting 312b through which the reactor gas is discharged. In this 
embodiment, the coil 318 surrounds a cylindrical extension 313 of the cylinder 
30 which is extended by a partition 303 and which is closed at its bottom by a 
frustoconical transition piece 311' communicating between the inner space 304 
and the central duct 311. The central duct 3 1 1 has the fitting 311a into which 
the hot reactor gas is introduced in the direction of arrow 16. 

(49) The central manifold pipe 10 is connected to the inner tube bundle, i.e. 
the tubes 6b, in the manner previously described. In this embodiment the 
diameter of the further duct 313 should be at least equal to the diameter of 
the outermost coil of the inner tube bundle of the tubes 6b. 

(50) In this embodiment, the diameter of the further pipe 313, which has a 
high temperature upper end, can be substantially smaller while nevertheless 
permitting replacement of the inner tube bundle. 

(51) The cylinder 30 is extended with uniform diameter to the partition 303 
and serves as suspending device for this partition and for the outer tube 
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bundle. In the region between the cylinder 30 and the partition 303, openings 
31, 32 are provided to allow fluid to pass into the cylinder. The openings 31, 
32 also have the advantage that they allow access to internal elements of the 
system for maintenance. 

(52) The cylinder 30 also serves as a support for the manifold pipe 9" for 
the reaction steam and also has, as has been indicated, the fitting serving as 
the reaction gas outlet. As a result, additional fittings, openings or 
formations on the vessel cover 202 need not be provided. 

(53) Naturally, it is also possible to provide the bundle of outer tubes 6a 
with its manifold pipe 9" in such configuration that it is suspended 
independently from the vessel cover 202. In this case, the manifold pipe can 
have a T configuration with its straight head running to the cover 202 and 
there being suspended. The fluids thus flow through this manifold pipe via the 
branch. Such an arrangement has been illustrated in 33 where a cover is 
provided in the T-shaped pipe to prevent exposure of the cover 202 to the 
pressure and temperature of the fluid in the heat exchanger tubes. The 
pressure equalization bore 33' can be provided between the interior of the 
partition pipe section and the outer space 5 of the vessel. The cover 202 thus 
has a uniform pressure over its entire inner surface. When, however, it is not 
important to prevent application of the heat or pressure of the fluid 
traversing the heat exchanger tubes to the cover, the partition 33 and the 
pressure-equalization port 33' can be eliminated. 

(54) In the embodiment of FIG. 4, the reaction gas is admitted at 16 and 
leaves the heat exchanger via the cylinder 30 in the direction of arrow 17. 
The flow of the heat exchange fluid, e.g. steam, through the system is 
represented by the arrows 14 and 15. 

(55) In all of the embodiments of heat exchangers in accordance with the 
present invention, the vessel 1 can contain a packing or filling of catalyst 
material or a material promoting heat exchange. 

(56) The heat exchanger shown in FIG. 5 has been found to be especially 
effective for the synthesis of methane from carbon monoxide and hydrogen, i.e. 
from so-called synthesis gas. 

(57) This reactor comprises a cylindrical vessel 35 containing two concentric 
(coaxial) helical-coil tube bundles with the inner coil 37 being wound around a 
core tube 36 while the coils of the outer tube bundle 38 are wound around a 
cylindrical shell 39. 

(58) The shell 39 is advantageously formed of a basket weave or open work 
construction and is mounted upon a support ring 39a to permit access to the 
outer tube bundle 38. 

(59) The tube bundles 37 and 38 can have the configuration illustrated in the 
aforementioned patent. 
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(60) The tube bundles 37 and 38 are interconnected at their underside as 
represented diagrammatically in FIG. 5 so that fluid can continuously flow 
through the heat exchanger tubes in one tube bundle and then below the 
partition and through the heat exchanger tubes of the other tube bundle in the 
opposite direction. 

(61) The free ends of the coils communicate with manifold pipes. 40,41 
which extend out of the reactor or vessel 35. 

(62) Between the central manifold pipe 40 and the interior of the shell 39, 
there is provided the duct 42 which sealingly communicates with the interior of 
the shell 39 and is of a smaller diameter than the inner space defined thereby. 
The inner space thus communicates, as represented by arrows 63, with the outer 
space of the vessel. 

(63) The annular space between the shell 39 and the wall of the vessel is 
connected via a further duct 43 with the exterior. This connection is effected 
by openings 44 above the tube bundles in the duct 43 and in a further duct 53 
which will be described below and which serves as a sealing member and 
partition in the manner previously described. As can be seen from the 
left-hand side of FIG. 5 diagrammatically, the openings 44 also serve to pass a 
pipe 45 connected to a further cooling coil 48 and a pipe extending from the 
manifold pipe 41 to the exterior. This avoids the need for unnecessary weld 
seams in the cover or walls of the heat exchanger and increases the safety 
factor at the high temperatures and pressures in which the system operates. 

(64) Since the duct 43 has substantially the same diameter as the shell 39, 
the entire inner tube bundle can be removed upon release of the flange 
connection 47 between the upper dome and the duct 43. 

(65) The portion of the duct 43 at the hot end of the heat exchanger is 
cooled by the coil 46. 

(66) Between the outer tube bundle 38 and the vessel wall, the aforementioned 
further cooling coil 48 can be parallel to the outer layer of turns of the 

outer tube bundle. Valves 49 and 50 serve to control the feed of the coolant 
to the outer tube bundle and the coil 48 independently so that either flow can 
be blocked independently of the other, the cooling fluid being supplied via the 
line 65. 

(67) A bypass line 51 with its selectively controlled valve 52 connects the 
inlet to the outer tube coil 38 with the outlet of the inner tube bundle 37. 

(68) The inner tube bundle is surrounded by the sealing partition member 53 
which prevents the passage of fluid between the outer layer of tubes and the 
partition. 

(69) The space within the basket-forming shell 39 is sealed by the 
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cylindrical sealing member 54 from the space between the shell 39 and the wall 
of the vessel. Between the cooling coil 48 and the wall of the vessel, a 
further sealing shell 55 is provided at the upper outwardly turned lip which 
engages the wall of the vessel. A sealing lip 68 seals the annular gap between 
the support ring 39a and the partition 53. 

(70) At a distance from the outwardly and downwardly convex bottom 35a of the 
vessel, there is provided a plate 56 perpendicular to the axis of the heat 
exchanger, this plate being formed with gas-passing openings 69 of which only 
one has been shown in the drawing. The plate 56 serves as a support for the 
catalyst packing or filling loosely dumped into the heat exchanger. For the 
production of methane from synthesis gas, the catalyst can be constituted by 
nickel granules. 

(71) To prevent the catalyst from passing through the openings 69, the 
openings are covered by narrow-mesh screens 67. 

(72) Screen-type filters 58 and 59 are provided in the inlet and outlet flow 
cross sections for the gas to retain impurities. 

(73) According to the invention, moreover, the bottom of the heat exchanger 
is provided with a fitting 57 which may be opened or closed by the valve 60. 
The fitting 57 enables impurities separated below the plate 56 at the bottom of 
the vessel 35 to be emptied or, where necessary, permits the introduction of a 
fluid or removal of a fluid when the heat exchanger is to be operated at a 
fraction of its normal loading. 

(74) With full load operation, however, the opening 57 is closed by valve 60 
while the inlet valve 61 is opened to permit the gas, i.e. a mixture of carbon 
monoxide and hydrogen, to flow into the duct 43 and thence via the opening 44 
in the latter, through the outer annular space of the heat exchanger past the 
outer tube bundle 38 undergoing a catalyzed reaction to produce methane. In 
the filter 59, which is located upstream of the openings 44, contaminants are 
removed. 

(75) The products of the reaction are methane and water. The reaction heat 
is taken up by the coolant traversing the heat-exchanger tubes, this coolant 
being preferably water. 

(76) The methane flows through the plate 56 and then, as represented by the 
arrows 63, upwardly through the inner space within the partition where 
previously unreacted carbon monoxide and hydrogen react to produce methane and 
water vapor. The gases then leave the reactor through the central duct 42, 

being filtered at 58. Further reaction heat is removed in the inner tube 
bundle. For partial-load operation of the heat exchanger, valve 61 is closed 
and valve 60 is opened. The synthesis gas is then supplied through the fitting 
57 and transverses only the inner space while undergoing reaction in the manner 
described. Naturally, by both partial load or full load operation, a reverse 
flow of the gas is possible. This reverse flow process is preferred when the 
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synthesis gas is supplied in a hot state. However, for maximum advantage of 
the heat exchanger of the present invention, the hot end should be at 64. 

(77) The cooling fluid traversing the heat exchanger tube will, of course, 
flow in the direction best suited for the operation of the heat exchanger as 
determined by the settings of the valves 59, 50 and 52, either upwardly or 
downwardly through the outer heat exchanger coil and in a corresponding 
direction through the inner heat exchanger tube bundle. The same applies to 
the flow through the coil 48. 

(78) In one case, valve 50 is closed and valves 49 and 52 are opened. The 
cooling fluid then passes downwardly through the cooling coil 48 and downwardly 
in the outer tube bundle but upwardly in the inner tube bundle with the coolant 
from the inner tube bundle thereafter flowing through the coil 48 at least in 

part. In another case, valve 52 is closed and valves 49 and 50 are opened. In 
this arrangement the cooling fluid in the outer tube bundle 38 flows downwardly 
while the flow of coolant in the outer coil 48 is from the original source 
rather than the inner tube coil. Naturally the valve arrangements can be used 
for reversal of either flow direction through the cooling tubes or the heat 
exchanger tube bundles. 

(79) The heat exchanger shown in FIG. 5 has been used effectively in the 
isothermal synthesis of methane, the term "isothermal" being used to refer to 
the fact that the cooling water is converted to steam at constant temperature. 
The pressure of the synthesis gas introduced as water and steam is recovered at 
a pressure of 100 bar and a temperature of 600.degree. K. 

(80) As indicated previously, the heat exchangers of the present invention 

can be produced by an improved process which allows larger heat exchangers to 
be fabricated more economically than has hitherto been the case. 

(81) Basically, each heat exchanger comprises four parts, an inner 
helical-coil tube bundle, an outer helical-coil tube bundle, a cylindrical 
vessel with a cover and a vessel bottom with a support frame although the 
latter has not been shown here. These elements can be separately transported 
to ensure that large heat exchangers can be produced with a total mass or 
volume exceeding normal transport availability. 

(82) At the erection site, the heat exchanger bottom with its support frame 
is positioned and a column plate is introduced to facilitate mounting. The 
inner coil with its sealing partition is then set on the mounting plate and 
thereafter the outer coil is applied, preferably with its sealing cylindrical 
member by displacing it axially over the inner coil so that the core of the 
outer coil is formed by the partition between the two coils. Then the vessel 
wall is set over the outer coil and welded to the bottom. The inner coil, the 
outer coil and the partition are then connected to the cover, the mounting 
plate is removed, and the inner sealing sleeve is connected with the partition 
while the outer sleeve is connected with the vessel wall. The heat exchanger 
tubes of the two tube bundles are then interconnected below the partition. 
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(83) When it is desired to avoid providing openings in the vessel bottom to 
permit insertion of the mounting plate or its removal, a somewhat different 
modus operandi is used. 

(84) First the partition is set up with a welded bottom and simultaneously 
the inner and outer coils are axially telescoped and connected together. The 
duct 34 (FIG. 4) is then arranged parallel to the core tube and can extend the 
full length of the tube bundles. Water is poured into the vessel bottom and 
frozen and the coils are lowered into the vessel bottom and frozen and the 
coils are lowered into the vessel 1 onto the ice surface. The cover 2 is then 

set in place and connection between the ducts, papers and tubes is made so that 
the coils are suspended from the cover. The water is then melted and aspirated 
out of the system through the duct 34 which is thereafter closed. 



CLAIMS: 
I claim: 

1. A heat exchanger comprising: 

a closed axially elongated cylindrical vessel formed at one end with a cover 
and at the other end with a bottom; 

a cylindrical partition extending from said cover toward said bottom and 
terminating short of said bottom while subdividing the interior of said vessel 
into a cylindrical space within said partition and a cylindrical outer space 
surrounding said partition, said spaces communicating with one another between 
an end of said partition and said bottom; 

an inner tube bundle in said inner space and an outer tube bundle in said 
outer space, said inner and outer tube bundles being each formed by a 
multiplicity of heat exchanger tubes; 

means connecting the tubes of said outer bundle with tubes of said inner 
bundle between said end of said partition and said bottom; 

a central manifold pipe connected to the tubes of said inner tube bundle and 
at least one further manifold pipe connected to the tubes of said outer tube 
bundle, said manifold pipes passing through said cover for feeding a first 
fluid to and removing said first fluid from said tube bundles whereby said 
fluid passes through said tube bundles in succession; and 

a central duct coaxially spacedly surrounding said central manifold pipe 
externally of said vessel and communicating with said inner space, and at least 
one further duct spacedly surrounding coaxially a respective said further 
manifold pipe and communicating with said outer space for passing a second 
fluid through said spaces in succession, said ducts communicating with said 
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spaces through said cover whereby all fluid feed to said tubes and spaces and 
all fluid discharged from said tubes and said spaces is effected through said 
cover. 

2. The heat exchanger defined in claim 1, further comprising a stiffening 
plate spaced from said cover and rigidly connected therewith. 

3. The heat exchanger defined in claim 1, further comprising a sealing 
layer interposed between said partition and said inner tube bundle and 
connected with said partition. 

4. The heat exchanger defined in claim 1, further comprising a sealing 
layer formed on the wall of said vessel and engaging said outer tube bundle. 

5. The heat exchanger defined in claim 4, further comprising a layer of 
insulation between said sealing layer and said wall of said vessel. 

6. The heat exchanger defined in claim 1, further comprising a mass of a 
packing permeable to gas flow in at least one of said spaces. 

7. The heat exchanger defined in claim 6 wherein said packing is a catalyst 
for a reaction to be conducted in said spaces. 

8. The heat exchanger defined in claim 1 wherein said conduit is a cylinder 
extending to said partition and forming said further duct, said cylinder having 
an inner diameter at least equal to the outer diameter of said inner tube 
bundle and said further manifold pipe extending out of the heat exchanger at 
least in part through said cylinder. 

9. The heat exchanger defined in claim 8 wherein said outer tube bundle is 
suspended from said cylinder. 

10. The heat exchanger defined in claim 1 wherein said bottom is formed 
with a clo sable fitting. 

11. The heat exchanger defined in claim 1, further comprising an additional 
cooling coil disposed between said outer tube bundle and the wall of said 
vessel, and connected in parallel with the outer tube bundle, the manifold pipe 
of the outer tube bundle being connected via a closable bypass line with 
manifold pipe of the inner tube bundle whereby the additional cooling coil and 
the feed to the outer tube bundle can be closed off independently from one 
another. 

12. The heat exchanger defined in claim 1, further comprising a support 
plate extending across said vessel between the bottom and said end of said 
partition, said support plate being provided with gas-permeable openings. 

13. The heat exchanger defined in claim 1, further comprising filters along 
said ducts for removing contaminants from said second fluid. 
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14. The heat exchanger defined in claim 1, wherein said partition is formed 
at least in part as a basket, further comprising a sealing sleeve surrounding 
said basket. 

15. A method of making a portion of the heat exchanger defined in claim 1 
which comprises separately coiling the inner tube bundle and the outer tube 
bundle on a tube core and on said partition, respectively, and then 
telescopingly interfitting said tube bundles and interconnecting the tubes 
thereof beyond the end of said partition. 

16. The heat exchanger defined in claim 1 wherein each of said tube bundles 
comprises a multiplicity of layers of helically coiled tubes each of said 
layers having a plurality of such tubes. 

17. A heat exchanger comprising: 

a closed axially elongated cylindrical vessel formed at one end with a cover 
and at the other end with a bottom; 

a cylindrical partition extending from said cover toward said bottom and 
terminating short of said bottom while subdividing the interior of said vessel 
into a cylindrical inner space within said partition and a cylindrical outer 
space surrounding said partition, said spaces communicating with one another 
between an end of said partition and said bottom; 

an inner tube bundle in said inner space and an outer tube bundle in said 
outer space, said inner and outer tube bundles being each formed by a 
multiplicity of heat exchanger tubes; 

means connecting the tubes of said outer bundle with tubes of said inner 
bundle between said end of said partition and said bottom; 

a central manifold pipe connected to the tubes of said inner bundle and at 
least one further manifold pipe connected to the tubes of said outer tube 
bundle, said manifold pipes passing through said cover for feeding a first 
fluid to and removing said first fluid from said tube bundles whereby said 
fluid passes through said tube bundles in succession; 

a central duct coaxially surrounding said central manifold pipe and 
communicating with said inner space, and at least one further duct 
communicating with said outer space for passing a second fluid through said 
spaces in succession, said ducts communicating with said spaces through said 
cover; 

a conduit fixed to said cover and coaxially surrounding said central duct; 

a cooling coil surrounding said conduit, said conduit being a cylinder 
extending to said partition and forming said further duct, said cylinder having 
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an inner tube bundle; and 

a supply line for said cooling coil extending out of said vessel through 
said cylinder. 

18. The heat exchanger defined in claim 17, further comprising a stiffening 
plate spaced from said cover and rigidly connected therewith. 

19. The heat exchanger defined in claim 17, further comprising a sealing 
layer interposed between said partition and said inner tube bundle and 
connected with said partition. 

20. The heat exchanger defined in claim 17, further comprising a sealing 
layer formed on the wall of said vessel and engaging said outer tube bundle. 

21. The heat exchanger defined in claim 20, further comprising a layer of 
insulation between said sealing layer and said wall of said vessel. 

22. The heat exchanger defined in claim 17, further comprising a mass of a 
packing permeable to gas flow in at least one of said spaces. 

23. The heat exchanger defined in claim 22 wherein said packing is a 
catalyst for a reaction to be conducted in said spaces. 

24. The heat exchanger defined in claim 17 wherein said bottom is formed 
with a clo sable fitting. 

25. The heat exchanger defined in claim 17, further comprising an 
additional cooling coil disposed between said outer tube bundle and the wall of 
said vessel, and connected in parallel with the outer tube bundle, the manifold 
pipe of the outer tube bundle being connected via a closable bypass line with 
manifold pipe of the inner tube bundle whereby the additional cooling coil and 
the feed to the outer tube bundle can be closed off independently from one 
another. 

26. The heat exchanger defined in claim 17, further comprising a support 
plate extending across said vessel between the bottom and said end of said 
partition, said support plate being provided with gas-permeable openings. 

27. The heat exchanger defined in claim 17, further comprising filters 
along said ducts for removing contaminants from said second fluid. 

28. The heat exchanger defined in claim 17 wherein each of said tube 
bundles comprises a multiplicity of layers of helically coiled tubes each of 
said layers having a plurality of such tubes. 
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